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UTE OF CHEMICAL ENGINEERS 


TRADE. MARK 


CTIVATED CARBON 


We supply special activated ear- 
bons for all gas and vapor adsorp- 
tion applications, Several grades 
are produced specifically for: 

@ Solvent Recovery 


@ Air Deodorization 
and Purification 


Industrial and 
Military Gas Ma-h- 
Purification of 
Industrial Gase~ 


Separation and Purtheation 
of Uvdrocarbon Gase~ 
(moving beds 


CARBIDE AND CARBON There is no one activated carbon for all uses. Optimum charac- 
CHEMICALS COMPANY teristics vary with each application. The right combination of 


properties is required in an adsorbent for most effective results. 
A Division of And there is a Cotuwsia Activated Carbon with the combina- 
Union Carbide and Carbon Corporation tion you need, 


30 East 420d Street York 17, W. Y. Let us help vou seleet the proper Cont \eti- 
vated Carbon for your particular job— the grade that 

COLUMBIA combines the best particle size and shape. active sur- 

conse face area, adsorptive and cataly tie properties, ash 


cthetivated content, hardness, and mechanical strength. 
Garton Write today, deseribing your application, and our 


engineers will give vou further detailed information. 


SOLVENT RECOVERY CATALYSIS: 
AND AIR PURIFICATION 


“Columbia” is a registered trade-mark of Union Carbide 
and Carbon Corporation, 
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For Extreme Accuracy 


INSTALL DRAVER 
CHEMICAL FEEDERS 


make efficient Continuous 
Mixing Systems, that often realize 
up to 75% savings in labor costs 
and use only 1/3 the horsepower, as 
compared with previous batch mix- 
ing methods! The extreme accuracy 
of DRAVER Feeders in proportion- 
ing each of the various ingredients 
a fini product of uni- 
iorm quality. four 
day . year after year. 
these lable GUMP- 
BUILT FEEDERS will keep blends 
exactly on formula with unfailing 
mechanical precision. 
Let our competent engineers co- 
operate on your equipment prob- 
lems. Write for complete details. 


| 


OUT..PASTE ON LETTER- ; 
1 HEAD AND MAIL TODAY! 1 
F. Gump Ce., 1311 S. Cicere Ave., Chicage Se ! 


1 Gentlemen: Please send me descriptive 


literoture and complete information on the 
GUMP.-Built Equipment indicated below. 


BAR-NUN ROTARY SIFTERS for grad- 
ing, scolping or sifting dry materials. ; 
DRAVER FEEDERS for accurate, de- | 
DRAVER MASTER Continuous Mixing | 
Systems for eccurate, efficient, uni- i 
form mixing. 


VIBROX PACKERS fer packing down ! 
dry moterials in bags, drums, barrels. 


AUTOMATIC NET WEIGHERS for oc- 
trem3 on. te 75 lbs. 


Gum Co. 


Engineers and Manufacturers Since 1872 


1311 SOUTH CICERO AVENUE 
CHICAGO 50, ILLINOIS 


H. D. Wilde ..... 25) 
: HOW IS YOUR SALARY DETERMINED? 
cat VAPOR PHASE CATALYTIC ESTERIFICATION RATES 
: GASIFICATION OF CARBON—METAL OXIDES IN A 
Ga , DESIGN OF A CONTINUOUS COLD RUBBER PROCESS 
242 
LI '-TRANSFER COEFFICIENTS 
: 274 
NEWS 
19 
21 
23-26 
. 2 
CANDIDATES FOR MEMBERSHIP IN AIChE 
| 


THE WAY 


A continuous soap plant . . . a system for convert- 
ing Bunker C oil to an economical diesel fuel... 
a process for recovery of naphthalene as a coke 
oven by-product... a 
refining plant . . 
meal from animal tankwater waste .. . 
hydration system ...a process for production of 
condensed fish solubles . . . 
pipe line crude oil for use as a diesel fuel . . . these 


continuous vegetable oil 
. a process for recovering oil and 
a tar de- 


a method for purifying 


are a few of the dozens or more centrifugal proc- 
esses and applications which The Sharples Cor- 
poration engineers all the way... 
board and process design through installation, to 
on-the-job training of operators, and guaranteed 
satisfactory plant operation. 


from drawing 


The success of Sharples process engineering lies 
in the fact that not only do we manufacture seven 
basic types of centrifuges—but we also have the 
process know-how of designing, integrating, and 
balancing the entire system of pumps, heaters, 
evaporators, condensers, tanks, instrumentation, 
controls, digesters, etc., which provide you with a 
satisfactory plant or process... operating to 
guaranteed performance . . . carried every step of 
the way with one undivided responsibility in the 
capable hands of The Sharples Corporation. 

If you are contemplating plant expansion, or a 
change in your present method of processing, 
don’t hesitate to bring your thoughts to us. We'll 
gladly discuss them with you. 


— 


Sharples Continuous Soap Process installed in the plant of Dobbelman, Ltd., Nijmegen, Holland. 


SHARPLES 


THE SHARPLES CORPORATION + 2300 WESTMORELAND STREET, PHILADELPHIA 40, PENNA. 


NEW YORK ¢ BOSTON © PITTSBURGH CLEVELAND DETROIT CHICAGO NEW ORLEANS © SEATTLE LOS ANGELES SAN FRANCISCO HOUSTON 
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Powertul 
Action... 


DOESN’T FIGHT SPRINGS 


UTILIZES ALL THE FORCE 


@ The ANNIN Domotor positively and precisely 
controls hard-to-handle fluids under all types of conditions. The valve plug 
is positioned in both directions by over one ton of force—all available 
power is used to positively position the single seated valve plug. Write 
today for complete information. 


e SINGLE SEATED CONSTRUCTION for positive 
tight shutoffs. 
MINIMUM PISTON DISPLACEMENT for 
maximum operating speed. 
UNLIMITED VALVE TRAVEL for more accurate 
control. 


POSITIVE ACTION BOTH WAYS assures depend- 
able operation under ali conditions. 

BUILT IN POSITIONER eliminates cumbersome 
external weight of conventional valves. 
UNLIMITED POWER—any amount obtainable by 
increasing operating pressure. 


LIGHT WEIGHT—Less than 14 the weight of 
conventional valves. 


FEATURES: 


REMEMBER —Teflon Chevron packing has been standard equipment on all Annin Valves for over two years. 


ANNIN DOMOTOR VALVES 


THE ANNIN COMPANY 3500 Union Pocific Avenue, Los Angeles 23, Collifornia 
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PRODUCTION gets a 


SHOT IN THE AR 


with KINNEY VACUUM PUMPS 


Here, at The Upjohn Company, Kalamazoo, Michigan, 
Kinney Vacuum Pumps produce low absolute pressures for 
freeze-drying penicillin. Here, as in countless other im- 
portant process plants, vacuum . . . created by Kinney 
Pumps . . . is the “shot in the arm” that keeps production 
rolling dependably, smoothly, economically. 


Wherever Kinney Pumps are at work— the laboratory, 
the pilot plant, or the production line — you can count on 
fast pump down plus complete reliability. It’s this com- 
bination of speed and stamina which Kinney Pumps bring 
to industries the world over. Pumps are available in eight 
Single Stage Models (702 to 13 cu. ft. per min. — for low 


absolute pressures to 10 microns or better), three Com- 
pound Models (46 to 4.9 cu. ft. per min. — for low abso- 
lute pressures to 0.5 micron or better). Return coupon 
today for complete details. KINNEY MANUFACTURING 
COMPANY, Boston 30, Mass. Representatives in New 
York, Chicago, Cleveland, Houston, New Orleans, Phila- 
delphia, Los Angeles, San Francisco, Seattle. 


FOREIGN REPRESENTATIVES: General Engineering Co. (Radcliffe) 
ltd., Station Works, Bury Road, Radcliffe, Lancashire, England . . . 
Horrocks, Roxburgh Pty., Lid., Melbourne, C. |. Australia . . . W. S. 
Thomas & Toylor Pty., Ltd., Johannesburg, Union of South Africa . . . 
Novelectric, Zurich, Switzerland . . . C.1.R.E., Piazza Covour 25, 
Rome, Italy. 


KINNEY MANUFACTURING COMPANY 
3546 Washington St., Boston 30, Mass. 


Gentlemen: 


Please send illustrated Bulletin V45. We are interested in: 
Vacuum exhausting 


Address... 


SEND COUPON TODAY 


State... 
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@ Valves of Lapp Chemical Porcelain are 
known in the chemical processing industry as 
the most effective for handling many corrosive 
chemicals. And porcelain is the body material 
itself, not a paint or enamel. The porcelain is 
dense, homogeneous, non-porous, through-and- 
through acid resisting. Not even is the corrosion 
resistance of this material due to a glaze. In fact, 
the smooth operation and pressure-tight seal 


§ 


S EQUIPMENT 
CHEMICAL PORCELAIN VALVES © PIPE * RASCHIG RINGS 
PULSAFEEDER CHEMICAL PROPORTIONING PUMPS 


‘PORCELAIN VALVE 


is the result of machining — grinding and lapping 
the solid porcelain—which is finished to an 
accurate, mirror-like smoothness. 

In many points in the chemical industry, Lapp 
valves have been found the only satisfactory 
answer to the problem of handling corrosive 
chemicals. Perhaps they can save trouble for 
you, too. Lapp Insulator Co., Inc., Process 
Equipment Division, 410 Maple St., LeRoy, N.Y. 


CHEMICAL PORCE- 
LAIN BULLETIN 
NOW AVAILABLE 


Chemical and mechan- 
ical characteristics of 
Lapp Porcelain; spec- 
ifications and dimen- 
sions for valves, pipe, 
raschig rings, tow- 
ers; installation 
procedure and maintenance hints. 
Write for your copy. 
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BROWN DIFFERENTIAL CONVERTER 


(pneumatic-balance flow transmitter) 


Functional schematic cross-section of the 
Brown Differential Converter . . . showing its 
utilization of the p atic-bal. principle. 


Arren long and rigorous testing in the 
field, the Brown Differential Converter is 
ready to set new high standards of sim- 
plicity and precision in the measurement 
and transmission of flow. 


Operating on the pneumatic-balance prin- 
ciple, this compact and lightweight unit 
converts differential pressure at the orifice 
into a proportionate output air pressure 
which is a measure of flow. Range is con- 
tinuously adjustable, from 0-20 to 0-200 
inches of water. All adjustments are easily 
and simply made, without special tools or 
extra parts. 


Applicable to a wide range of continuous 
processes, the Brown Differential Con- 
verter is the forerunner of an entirely new 
series of pace-setting developments made 
possible through Brown Creative Instrumen- 
tation. For detailed information write for a 
copy of new Catalog 2281 . . . and call in 
our local engineering representative for a 
discussion of your process needs. Offices in 
more than 80 principal cities of the United 
States, Canada and throughout the world. 


MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, 4427 Wayne Ave., 
Philadelphia 44, Pa. 


ROWN INSTRUMENTS 


: 
A Big Fowand Stip IuThe Measurement and Thansmission of; Flow 
; 
Nate 
= 
re 
ned eu 
Clea! 
& a - 
i 
Honeywell | 
e 


CREATIVES: 
DRYING 


New LOUISVILLE DRYER adds 12,000 tb. to daily 
production... saves 88c per 100 |b. it dries! 


KNOW THE 
RESULTS 
before you buy! 


FORMER DRYER 


Compare the facts and figures shown at the left. More 
persuasively than anything else that could be said, they 
tell you why this chemical company decided on a new 


Louisville Dryer. It was especially designed for this 
manufacturer after a Louisville engineer surveyed his 
NEW INSTALLATION drying processes. Savings—added production and extra 
protection from contamination were forecast by tests of the 
PAYS FOR ITSELF IN 491 new equipment in our unique research laboratories and 
pilot plant—proof that it pays to know the results 
DAYS OF CONTINUOUS before you buy! 
It costs you nothing to have a Louisville engineer 
OPERATION survey your drying methods. Write today. 


Lovisville Drying Machinery Unit 
Over 50 years of creative drying engineering 
GENERAL AMERICAN TRANSPORTATION 
CORPORATION 


Dryer Sales Office: Hoffman Bidg., 199 So. Fourth Street 
Turbo-Mixers, Evaporators, Thickeners, Louisville 2, Kentucky 


Dewaterers, Towers, Tanks, General Offices: 135 South La Salle Street, Chicago 9, Illinois 
Bins, Filters, Kilns, Pressure Vessels ° Oftices im alll principal cities 
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You do less fixing 
by using Dependable Quality 


CRANE VALVES 


{== 
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. That’s why 
more Crane Valves 
are used 


than any other make 


verte performing diaphragm valves 


Separate disc and diaphragm desiga 
distinguishes these Crane Valves from 
all similar packless types. Life of dia- 
phragm is multiplied because it’s used 
only to seal the bonnet—not for seat- 
ing. The separate disc seats the valve, 
eliminating wear and tear on the dia- 
phragm. 

Increased flow capacity . . . reduced 
flow resistance ... tighter seating... 
lower torque and fewer turns to oper- 
ate...are typical added features of 
Crane Diaphragm Valves. Wherever 
you use them, you can be sure of out- 
standing performance. 


= Such better quality and greater depend- 
No, 1615 Digicam Valve ability mark Crane valves and fittings of 
every type—and assure the lowest 
mate cost. 


CRANE CO., General Offices: 
836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving All Industrial Areas 


VALVES * FITTINGS * PIPE * PLUMBING * HEATING 
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fluid 
catalytic 
cracking 


Possessing all the process and operating advantages of the 
basic ‘fluid’ cracking principle and representing the lowest 
cost fluid unit per barre! output of high octane product with 
no sacrifice in engineering standards of safety and with | 
improved operability and maintenance, —this truly new 
Standard Oil Development design, Model IV, is now avail- 
able in any capacity to refiners, — anywhere in the world. 


For further information, address your inquiries to: 


FosTER WHEELER CORPORATION 


1653 BROADWAY. NEW YORK 6, NEW YORK 


designers and builders of 


fluid catalytic cracking units 


odel | 


_adesigned and 


age Faster Wheeler for the % 


petroleum industries 


thy 


de 


if 


engineering 


procurement 


expediting 


fabrication * 


construction 


FOSTER WHEELER CORPORATION 


165 BROADWAY, NEW YORK 6. NEW YORK 
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We don’t make refractory brick, but 

we do produce the ALCOA Alumina 

that gives these refractories: Addi- 

tional strength under load at high 

temperatures . . . lower coefficient of 

expansion . . . higher resistance to 
spalling and cracking . . . chemical inertness . 
negligible porosity and shrinkage. 

Into the nation’s boiler plants, metallurgical and 
glass furnaces, kilns and chemical retorts, go millions 
of refractory shapes every year. And from ALCOA 
plants come enough aluminas to fill a freight train 
more than 100 miles long! 

While these aluminas are used for many other 
purposes besides improving refractories, there still 
is an abundant supply of ALCOA Alumina for all 
kinds of refractory products. The higher the alumina 
content, the better the performance— and the longer 
the life. Operations run at higher efficiency, and tear- 
downs for relining are fewer and farther between. 
Even low temperature applications can benefit by 
the use of alumina refractories. 


If you are interested in longer service from refrac- 
tories, let us give you additional information about 
alumina-content refractories, and refer you to re- 
liable sources of supply. Write to: ALUminum Com- 
PANY OF America, Cuemicats Division, 6058 Gulf 
Building, Pittsburgh 19, Pennsylvania. 


ALUMINAS and FLUORIDES 


ACTIVATED ALUMINAS - CALCINED ALUMIMAS HYDRATED 
MUMINAS - TABULAR AL (OW SODA AL 
ALUMINUM FLUORIDE - SODIUM FLUOEIDE - SODIUM 
ACID FLUORIDE - FLUCBOMIC ACID - CRVOLITE - 
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GIRDLER 
HYDROGEN PLANT 


aT 


HE MANUFACTURE of Wilson's 
“Bake-Rite” shortening and 
“Certified Margarine” requires ex- 
pert control of production processes 
-and high quality raw materials— 
‘including hydrogen. 

At Wilson & Company high- 
purity hydrogen is produced in the 
HYGIRTOL* plant designed and 
built by Girdler. Instruments con- 
trol the operations, and the plant 
is practically automatic. One man 


keeps this sizable plant in opera- 
tion, furnishing hydrogen at any 
desired rate. 

Wilson saves in hydrogen 
costs, too. 

For fuel and process materials, 
HYGIRTOL plants use natural gas, 
propane, or butane. These hydro- 
carbons are reasonable in cost, are 
readily available, and easy to handle. 

If the production or utilization 
of hydrogen is a problem, let us 


help you, too. We also design and 
build plants for production, puri- 
fication, or utilization of many 
chemical process gases; purifica- 
tion of liquid or gaseous hydro- 
carbons; manufacture of organic 
compounds. 

Write for Bulletin 
G-35. The Girdler 
Corporation, Gas Proc- 
esses Division, Louis- 
ville 1, Kentucky. 


*HYGIRTOL is a trade mark of The Girdier Corporation 


CORPORATION 
Gas Processes Division 
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It translates theory into practice 


Bu RTLETT-SNOW INDIRECT HEAT 
CALCINERS permit materials to be 
processed continuously —at high tem- 
peratures—at predetermined rates—in 
neutral or reducing atmospheres —and 
thus translate many purely theoretical 
calculations and laboratory experi- 
ments into practical day after day com- 
mercial operations. 


Each calciner is engineered and built 
specially to meet the individual condi- 
tions. In general, however, they consist 
of a nickel-chrome cylindrical retort 
housed in a refractory lined cylindrical 
furnace. The retort extends beyond the 
furnace at both ends, and is supported 


ARTLETT 
- SNOW 


CLEVELAND 5, OHIO 


on spidery heat dissipating riding 
rings and trunnion rolls. 

The carbon material processed in 
the unit pictured above is fed into the 
retort through a screw feeder that seals 
the hydrogen in the retort from the 
outside air. After treatment, at 2000°F., 
the material is first cooled to 120°F., 
in an extension of the retort, the ex- 
terior walls of which are cooled with 
a water spray,—and then discharged 
using a conveyor screw again as the seal. 


The entire unit including the drive 
and breechings, feeder, hopper, cool- 
ing extension, discharge conveyor, 
furnace and fuel burning equipment 


is supported on a self contained steel 
base. This provides the extremely ac- 
curate alignment needed to assure ef- 
ficient trouble-free operation, and also 
permits the purchaser to vary the 
slope, and thus control the time of pas- 
sage of the material through the furnace. 


Send for a copy of Bulletin No. 89. 
Ic describes the scope of our services 
in detail,—and let the Bartlett-Snow 
heat prucessing engineers work with 
you on your next heat processing prob- 
lem. The C. O. Bartlett and Snow Com- 
pany, Cleveland 5, Ohio. Engineering 
representatives in New York, Baiti- 
more, Detroit and Chicago. 


DRYERS COOLERS CALCINERS KILNS 


Designing and Contracting Engineers 


COMPLETE MATERIAL HANDLING EQUIPMENT FOR ANY REQUIREMENT 
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eee IMPERATIVE FOR 


NATIONAL D 


IMPORTANT 
FOR 
NATIONAL 
HYGIENE... 
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Greater Compactness 
Higher Accuracy 

Lower Sample Consumption 
Maximum Convenience 
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THE NEW BECKMAN 
Flame Photometry Attachment 


FOR BECKMAN “DU” SPECTROPHOTOMETERS 


To meet the steadily growing interest in flame spectrophoto- 
metric methods, Beckman engineers have developed a new Flame 
Photometry Attachment that sets greatly advanced standards of 
compactness, convenience, accuracy and simplicity. 

Used with the Beckman “DU” Spectrophotometer and stand- 
ard oxy-hydrogen or oxy-acetylene equipment, it combines the 
unusually high accuracy and resolution of the well-known Beck 
man “DU” with the conveniences of flame spectrophotometric 
methods, providing an instrument capable of the quantitative deter- 
mination of more than 40 elements, including heavy metals and 
rare earths, as well as the alkali metals. 

The atomizer-burner of this 
new instrument is much smaller, 
simpler and more trouble-free than 
previous designs. Made of Pyrex 
with a straight, large-diameter, no- 
ble-metal atomizer tube discharging 
directly into the flame, it will spray 
even cloudy or highly concentrated 
solutions indefinitely without clog- 
ging or “drifts”. 

Other important features of this new Beckman development are out- 
lined at right. Best of all, this new instrument is available at a new 


low price for equipment of this quality. Your nearest authorized Beck- 
mon Instrument dealer will gladly supply full detoils—or write direct! 


B ECKMAN at 


otomizer- 
INSTRUMENTS burner octual size. 


SOUTH PASADENA 35, CALIF. 
Factory Service Branches: Chicogo New York Los Angeles 
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Outstanding Features of 
the New Beckman Flame 
Photometry Attachment 


Sample beaker is supported in o 
unique mechanism that swings the 
beoker outside the case for easy fill- 
ing, of swings it bock into position 
be the burner tube. Further, os 
the beoker is raised into position be- 
low the burner, it automatically tips 
so that sample solution is drawn from 
lowest point in beoker. Thus, com- 
plete analyses can be made with even 
extremely small samples. 


The otomizer requi’es only about 2 
mi of sample solution per minute, and 
@ sample of | to 3 mi is omple for 
determination of several constituents. 


> Fuel consumption is very low— 
obout 5 cu. ft./hr. for acetylene, 8 
cu. ft./hr. for oxygen, 20 cu. ft./hr 
for hydrogen. 


The hot flame, coupled with the 

igh resolution of the “DU” Spectro- 
photometer, permits unusually narrow 
band widths to be used—less thon 10 
millimicrons for most determinations. 
Accuracies of 0.5% or better ore ob- 
ta:nable 
b Sample concentration is unimpor- 
tant (provided it is above the lower 
detectable limit) permitting maxi- 
mum versatility and convenience in 
making onalyses. 
pb Although the sensitivity of most 
elements is improved when the ele- 
ments ore in woter solution, non- 
aqueous solutions ore as easily 
hondied as water. Even combustible 
solvents con be used—and in fact, 
organic solvents frequently increase 
sensitivity of the readings 
The atomizer-burner, sample -posi- 
tioning device, focusing mirror and 
odjustments are oll unitized into a 
compact, cast-metal housing. All 
necessary reguiators and gouges ‘ex- 
cept standard reguiotors on tue! ond 
oxygen tonks! are conveniently 
mounted on a seporate contro! panel. 


Write for complete details on this im- 


Page 15 


i 
; nother Important Instrumentation Development by Beckman... 
me. 
== 
| 
| 
4 
3 
\ 


WHY INDUSTRY THE SPERRY FILTER PRESS: 
DEPENDS ON SPERRY 
FOR FILTRATION 2. Produces maximum clarity. 


3. Produces the driest cake. 


The plate filter press, the filtration method pio- . Can deliver cake in slab form suitable to 
neered by Sperry is the most widely used filter in place in drier trays. 

industry today. The inherent advantages of this . Thoroughly washes the cake. 

type of filter explain its wide usage. 

Consider these advantages as applied to your 
own operation, Compare the flexibility, low first 7. Cloths are easily removed and replaced. c 
cost, low operating cost of a Sperry Filter Press 
with any other type of filter on the market. 8. Can use filter paper or pulp. 

For more specific data as to your own filtration .Can be used with precise temperature 
problem consult Sperry. Send samples of your control. 
material for a test run. 


. Uses the simplest kind of filter cloths. (Can 
use cloth cut direct from roll.) 


. Can handle hot liquors without vaporizing. 

. ls easily made of acid or alkali resistant 
material. 

. Low first cost. 

. Low cost of labor. 

. Least floor space and head room required. 

. Weight per square foot no greater than 
other types. 

. Low depreciction. 


. Can perform low, medium, or high pres- 
sure filtration. 


. Easily resold. (On account of its wide use.) 


D. R. SPERRY he COMPANY Can filter without exposing the liquid to 
the atmosphere. 
BATAVIA, ILLINOIS 
Filtration Engineers for over 50 years . Can be used to separate emulsions. 
Eastern Sales Representative: H. E. Jacoby, M. E. . Easily erected by unskilled labor. 
205 E. 42nd St., New York 17, N. Y.; Phone MUrray Hill 4-358! 
Western Sales Representative: B. M. Pilhashy . Can be transported in small pieces. 
Merchants Exch: Bidg., San Francisco 4, Calif. ‘ 
ilter. 


24. Can use wire, wool, asbestos, glass, vin- 
yon, and many other kinds of filter cloths. 


25. Can be furnished in leak-proof construc- 
tion. 
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THERE’S A 


BAKER PERKINS 


MACHINE FOR EVERY 
CENTRIFUGE JOB 


Each of the two types of Baker 
Perkins “ter Meer” Centrifugals is 
available in several sizes, with ca- 
pacities to handle any filterable 
slurries. So, regardless of the mate- 
rial you have to be centrifuged, 
there's a Baker Perkins machine to 
do it. 


The Baker Perkins Type HS Universal Filtering 
Centrifuge! is invaluable for centrifugation of a 
wide range of filterable solid-liquid slurries. Fully 
automatic, it requires no operators’ attention, but 
manual control can be provided when desired. A 
simple trouble-free cycle controller makes com- 
plicated centrifugation cycles easy. The control 
cycle compensates easily for process variables. 
Maintenance costs are cut by easy filter media 

change and the fact it will use almost any avail- The Type $ Baker Perkins Continuous Centrifugal is ideally 

able filter media. The constant speed drum rota- suited to centrifugation of a wide range of relatively free 

tion means savings in power costs. draining crystalline, granular and fibrous materials. Truly 

continuous in operation, it requires no timing or cycle 

controllers for feeding or other action. The Type S Cen- 

trifugal is particularly suited to handling friable material 

because there are no scrapers, baffles, rakes or plows in the 

Both of these Baker Perkins Centrif- machine to cause crystal disintegration. This B-P machine 

ugals are available in varying sizes to is economical in operation because its constant speed drum 

meet every production requirement rotation requires very low power input and the rugged 

as well as laboratory or pilot plant design calls for little maintenance other than oiling of the 

application. Write for catalog C-49.. _ electric motor. 


CHEMICAL MACHINERY DIVISION + SAGINAW, MICHIGAN 
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THE PFAUDLER COVERS RE- 
TREATING BLADE IMPELLER will — 


viscous soluti without i 
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GLASS-COVERED ADJUSTABLE 


coward defection for beat wensfor, 
and gas or down- 


d deflect 


AGITATOR REQUIREMENTS for your own 
feaction processes can be 
calculated with Ptaudier Agitator Charts. 


How To Select The Right Agitation 
For Pfaudler Glass-Lined Steel Equipment 


You save time and money when your equipment is prop- 
erly matched to the job it has to do. Correct agitation is 
especially important in reaction processes. To help you 
select the right agitator design, size and speed at which 
it should operate for your particular problem, Pfaudler 
engineers have formulated mixing curves which have 
been reduced to chart form. They tell you quickly how 
much impeller span, horsepower, speed and baffling 
you'll need to obtain just the necessary agitative in- 
tensity for almost any process and batch size. 
Mechanical flexibility makes Pfaudler glass-covered 
agitators adaptable to a wide variety of mixing problems. 
You can readily adjust the impeller speed by simple 
changes in the drive pinion. You can use the impeller 
separately, or in conjunction with Pfaudler patented 


adjustable baffles to obtain various degrees of turbulence. 
The combination is ideal for fluid mixes, gas absorption 
and for dissolving solids rapidly. 

The application and usefulness of Pfaudler equipment 
is further enhanced by the glass-lining. Pfaudler glass is 
resistant to more corrosive substances than almost any 
other material of construction, many of which are criti- 
cally short. 

In addition, Pfaudler Technical Service Engineers are 
always ready to give you a hand, whatever your agitation 
problems, They not only bring to your plant a wide ex- 
perience with all types of mixing problems, but they also 
are prepared to develop special designs to meet individual 
needs, See the Pfaudler insert in latest edition of CHEMI- 
CAL ENGINEERING CATALOG, or use the coupon below. 


THE PFAUDLER CO., Dept. CEP-5 Rochester 3, N.Y. 
Please send me further details about the Pfaudler 
Agizative System. 


THE PFAUDLER CO., ROCHESTER 3, N.Y. 
ENGINEERS AND FABRICATORS OF CORROSION RESISTANT PROCESS EQUIPMENT 
| GLASS-LINED STEEL—Hastelloy * Aluminum + Tantalum * Teflon 

Corbon Stet ° Solid or Clad Stainless Steel + Nickel « Inconel * Monel 
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MINIMIZING PERSONNEL OBSOLESCENCE 


= reason for the pre-eminence 
of American chemical and 
petroleum industries is that these 
industries do not hesitate to aban- 
don and junk a perfectly good proc- 
essing unit and replace it with a 
new unit that makes a new and 
better product or the same product 
more efficiently. Their research and 
technological staffs are constantly 
engaged in devising new or improved 
processes to take the place of exist- 
ing ones. But technical men, as well 
as machines and equipment, can be- 


and research di 
partment. 


EDITOR'S NOTE 


An experiment in adult education 
for technical men by the Humble 
Oil & Refining Co. came to the 
Editor’s attention several years 
ago. This pioneering venture has 
proved itself and we have per- 
suaded one of the men responsible 
for the success of this experiment 
to write here about it. H. Dayton 
Wilde is manager of the technical 
vision, refining 


all regular duties and devote their 
entire time to classroom work. The 
course content and manner of pre- 
sentation are left to the judgment 
of the professor. In the majority of 
cases the professor gives a lecture 
lasting one or two hours in the 
morning and one of similar length 
in the afternoon. During the re- 
mainder of the normal working day 
the students work assigned problems 
and have conferences with the pro- 
fessor. The evenings are devoted to 


de- 


come obsolescent. Such phenom- 

enally rapid progress is being made in science and 
engineering that unless technical organizations in in- 
dustry maintain contacts that can keep them abreast 
with the new developments useful to them they can 
soon become woefully out of date. 

One way of minimizing this obsolescence of technical 
men is for the company to select men from its technical 
staffs and arrange for them to take advanced courses 
at near-by educational institutions as part-time students 
or to send them away to universities on a full-time 
basis. This, in effect, is sending the men to school. 

For the past five years the refining department of 
Humble Oil & Refining Co. has been doing the opposite, 
that is, bringing the school to its technical men. During 
these five years 23 eminent professors who are making 
the advances in their respective fields have come to 
Humble’s Baytown refinery to teach such courses as 
the Nature of the Chemical Bond, Transference of 
Processes from Small to Large Scale, Theories of Or- 
ganic Reactions, Chemical Engineering Thermodynam- 
ics, Emulsions, Thermodynamics of Nonelectrolytic So- 
lutions, Catalysis, Applied Kinetics, Spectroscopy and 
Statistical Thermodynamics, and Adsorption and Sur- 
face Phenomena, to members of the technical service 
and research development staffs. 

These courses do not consist of two or three lectures 
before large audiences in which the listeners can absorb 
as much or as little information as they desire. They 
are intensive courses lasting two or three weeks and 
each is the equivalent of a semester of a university 
graduate course. The classes are purposely kept small, 
with a maximum enrollment of 16, to provide an 
atmosphere of informality and close personal associa- 
tion with the professor. The students are relieved of 
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homework, assigned problems and 
reading. It is an arduous period 
for the students since they spend some 12 to 15 hours 
a day on this work. 

A comprehensive examination concludes each course 
and the professor may give quizzes as the course pro- 
gresses. ‘The professors also grade the students on their 
work. The examination and grades provide an incen- 
tive for the students to do their best and foster a spirit 
of friendly competition. 

The students for a course are selected from among 
those who have expressed a desire to take it. For some 
of the courses the demand has been so great that in 
these cases the professors repeated them another year. 
Each year about 80 to 90 per cent of the technical 
employees volunteer to take these courses, and although 
some employees take courses more frequently than 
others, on the average those desiring to take a course 
are able to do so every three years 

Including the professors’ honorariums and expenses 
and the time of students for the duration of the courses, 
the cost of the courses, is returned many times over. 
The technical staffs are kept abreast of the latest devel- 
opments in their fields by the men themselves who are 
making the advances. Students are inspired by the 
professors and are eager to apply their new-found 
knowledge to their regular the The professors get 
direct and first-hand information on Coastal rob- 
lems and accomplishments. They are then able to 
carry back to the college classrooms a better idea of 
what students need to equip themselves for careers in 
industry. The Humble Lectures in Science are no 
longer considered an experiment and the company 
management is convinced that they provide an effec- 
tive means of minimizing obsolescence of its technical 
personnel. 


H. Dayton Wilde 
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CREATIVE 
EVAPORATOR 
ENGINEERING 


Assured results with 
CONKEY INTEGRAL EVAPORATOR... savings in 
first cost... continuing savings in operating costs 


FIRST COST SAVINGS start when the 
Conkey Integral Evaporator is deliv- 
ered to your plant. Shipped completely 
assembled, a single up-ending opera- 
tion sets it in place. A minimum of 
space is needed because of its vertical 
design. And its integral construction saves 
additional space—no external centrifugal 
type separators, no outside flash tanks or 
piping are needed. Structural supports 
areeliminated, too. Foundation isasimple 
slab. In mild climates, outdoor installa- 
tions are practical. Only pumps and in- 
struments need weather protection. 


CONTINUING SAVINGS RESULT with Conkey 
design because it reduces pressure drop 
losses between effects and provides in- 
creased working temperature drop across 
the heating element surface. Result: a net 
positive gain in evaporation, extra evapo- 
rating capacity for the same heating 
surface under the same working conditions. 


TO FIT SPECIFIC PROBLEMS, evaporator can 
be built with fusion welded construction 
in steel plate and also with all weldable 
metal and alloys. Design also permits 
construction to meet ASME and API- 
ASME codes for high pressure operation. 
Write for all the facts. 


Process Equipment Division 
General American Equipment: 


Dewaterers, Dryers, Towers, 
Tanks, Bine, Presoure Vessels Transportation Corporation 


Sales Offices: 10 East 49th Street, New York 17,N.Y. 
OFFICES IN ALL PRINCIPAL CITIES General Offices: 135 S. La Salle St., Chicago 90, IL. 
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CHAPLIN TYLER 


The climate of the chemical industry “has bred some of 
the best managerial brains in the U. S.,” so said Fortune 
last year in an editorial look at the chemical industry. Its 
editors were startled by what they saw, and in that March, 
1950 issue said, “chemicals must now be considered the 
premier industry of the U. S. Its rise has been recent, pre- 
cipitous and largely unnoticed. For most of the first half 
of the century, the title was held by the automobile industry.” 
What concerns us here about the Fortune statement is the 
claim about managerial brains. If the chemical industry 
is to continue to develop leaders, attention must be paid 
to managerial talent, and companies must encourage its 
growth. Correlatively, future managers must study thought- 
fully, in the sure knowledge of future succession, the char- 
acteristics of successful managers. 


Du Pont Company, Wilmington, Delaware 


ARE YOU OF EXECUTIVE CALIBER? 


T least three fifths of the American 

Institute of Chemical Engineers’ 
Active membership are engaged primar- 
ily in some phase of managerial activity, 
ranging from group leadership to top 
executive responsibility. 

Our future successors, the Junior 
members, have an even greater oppor- 
tunity for satisfying careers in manage- 
ment. They are better trained in the 
basic sciences, have a better grasp of 
the humanities, and have broader scope 
for service in the industrial, academic, 
and public service fields. 

An orthodox approach to the ques- 
tion, “Are you of Executive Caliber?” 
would involve much the same procedure 
as is used in research in the natural 
sciences, namely, (1) gathering of per- 
tinent basic data, (2) organization of 
the data into a working hypothesis, and 
(3) application or testing of the hy- 
pothesis or assumed principles in rela- 
tion to specific cases. 

However, my own approach to this 
question is unorthodox. Rather than at- 
tempt an exhaustive sampling of the 
opinions of others, I have relied on my 
own personal observations. What I did 
was to list the names of executives with 
whom I have worked closely at various 
times over a period of 30 years. In the 
list were educators and editors as well 
as line executives and staff executives in 
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industry. Included were young men on 
their way up as well as “old timers.” 
From this list I selected those who 
seemed outstanding in capability, that is, 
as capable, taken as a group, as one 
might find anywhere. | then posed for 
myself this question: I! hat broad char- 
acteristics do these executives have in 
common? What | sought were broad 
characteristics, because if one considers 
specific narrow traits, the main factors 
tend to become obscured in a maze of 
apparent contradictions. The broad 
characteristics as | view them are three 
in number : 


(1) Energy or Drive.—This charac- 
teristic is manifest by great capacity 
for work, coupled with constructive 
direction of personal effort. One is 
impressed that such drive is directed 
at achieving results for the organiza- 
tion rather than primarily for self. 
Furthermore, this manifestation of 
energy is infective; it tends to impel 
or motivate effort in others. 


An associate of mine terms the above 
characteristic “The will to do.” I think 
this is a particularly apt description, 
because the capable executive is a deter- 
mined person. He has a sense of direc- 
tion, a plan, and a time-table. He is not 
only a good starter but also an equally 
good finisher. 
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A tendency toward laziness is so wide- 
spread among human beings that it 
probably should be considered normal. 
But in this respect it seems to me that 
the outstanding executive is not normal 
—he is abnormal. For example, not one 
of ten persons whom I would rate as 
top-grade executives seems to be happy 
unless engaged in some demanding sit- 
uation. On the other hand, many I 
would rate as mediocre obviously do not 
push themselves. 

The hope of monetary rewards or of 
broadened power may not be the pri- 
mary incentive motivating the top-grade 
executive. The ten individuals referred 
to previously seem to be motivated by 
something else. Their philosaphy of life 
is to give the job all they have. Material 
rewards and better position then follow 
as a matter of course. 


(2) Effective Intelligence.—Because 
the executive spends so much time 
working with people, there is a tend- 
ency to overlook his role as a thinker. 
Actually the proper sequence in ex- 
ecutive effort is thought followed by 
action. In spite of the staff assistance 
which an executive must have, a point 
is reached in every situation where 
the executive finds himself alone, fig- 
uratively speaking. He must “think 
the problem through” which means (a) 
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defining the problem, (b) resolving it, 
and (c) deciding on a practical course 
of action. 


The person of effective intelligence 
possesses more than intellect. Usually 
he has an inquiring mind, continually 
seeks better ways and means of doing 
things, and has ability to express ideas 
clearly and fluently. He is intellectually 
honest, and he thinks straight. Although 
decisiveness is a mark of the good ex- 
ecutive, one may be decisive and yet be 
a poor executive. Sound decisions are 
based on sound reasoning, i.e., the result 
of practical application of one’s mental 
ability. 

A large part of executive effort is 
expended in solving problems, i.e., tasks 
other than administrative routine. In 
solving problems, the top-grade execu- 
tive is particularly wary of high-spot or 
superficial investigation. Thoroughness 
is the watchword, even at the expense 
of much valuable time. As one executive 
said to me, sufficient data, a 
problem tends to solve itself; my mind 
must be saturated with facts before the 
right answer becomes apparent.” 

Many, if not most executive problems 
are of a recurrent type, though differing 
in their particulars. The good executive 
therefore tries to rationalize much of his 
thinking by developing formulas, even 
though these formulas may not be 
wholly quantitative. Examples of such 
problems are found in the fields of plant 
location, investment, choice of research 
projects, market surveys, and pricing. 


(3) Effective Relationships with 
People-—From the executive view- 
point, people fall into three groups— 
superiors, associates, and subordi- 
nates. But far from being conscious 
of rank, the man of executive caliber 
strives to have equally good working 
relationships with all three groups. 
With respect to superiors he takes or- 
ders and accepts constructive criti- 
cism without resentment; with respect 
to associates he is unstintingly col- 
with respect to subor- 
dinates he strives to evoke cooperative 


“Given 


_ effort rather than to impose authority. 


This last factor is sometimes called 
leadership ability. 


Some observers are inclined to regard 
leadership ability as a distinct broad 
characteristic apart from effective rela- 
tionships with people. I think there is 
support for this view, but nevertheless 
I prefer to integrate the two. It seems 
to me that the qualities that evoke co- 
operative effort are those identified with 
effective relationships with people. The 
good executive sets the standard of be- 
havior. By showing himself sincere. 
honest, and cooperative in dealing with 
others he has no great difficulty in 
evoking a response in kind. 
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Reviewing once more my test of ten 
top-grade executives, I find effective 
relationships with people developed in 
high degree. All are approachable, and 
all are good listeners. They are masters 
of the art of leading by example rather 
than by precept. As a general said re- 
cently of the Korean campaign, a situa- 
tion was so critical that top brass was 
needed in the front line. Situations like 
that occur in industry, as at times in 
negotiating with a labor union, or in 
appearing before a Congressional com- 
mittee. 

In making important assignments and 
in major realignments of organization, 
the top-grade executive is eager to give 
whatever help he can in getting the work 
started in the right direction. We hear 
a great deal about the importance of 
initiative, but lack of initiative probably 
is not as serious as lack of coordination. 
The good executive, according to my 
observation, is a good coordinator. 
Having lessened the likelihood of con- 
fusion, he knows that individual initia- 
tive can have ample play without caus- 
ing undue friction. Conversely, I once 
knew an executive who seemed to take 
sadistic delight in setting one subordin- 
ate against another. According to him, 
that was the way to develop strong men; 
i.e., only the fittest survived. Ironically, 
it didn’t work out that way. Not only 
did some strong men rebel and resign, 
but also the executive himself finally 
was fired. 

This, in outline is a characterization 
of the person of executive caliber. I 
have purposely avoided any weighting 
of the three broad attributes, as this 
would seem pointless. The man of ex- 
ecutive caliber, like a well-balanced 
team, operates as a total organism. None 
can say that one component is more 
important than another. All are essen- 
tial. 

If these broad characteristics are rea- 
sonably inclusive, they should be as use- 
ful in analyzing cases of executive 
failure as in indicating potential success. 
By “executive failure” is meant cases in 
which demotion has occurred for rea- 
sons other than physical disability, re- 
organization, or situational factors be- 
yond the individual's control. 

In five of ten cases taken at random, 
my observation leads me to conclude that 
the primary cause of failure was in- 
effective relationships with people. In 
three cases, lack of drive was primarily 
responsible. In the remaining two cases, 
there was primarily a lack of effective 
intelligence. In no case was failure due 
to all-around deficiency, and in no case 
was there any evidence of deterioration, 
ie., none of the individuals concerned 
had undergone any notable change in 
character. 

In retrospect, one might ask why 
these individuals were advanced in the 
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first place. Apparently there was lack 
of appreciation by those responsible for 
the promotions of the importance of 
balance as a factor in executive success. 
There is undoubtedly a tendency to over- 
look or even “forgive” a deficiency with 
respect to one characteristic when the 
other two are present in high degree. 
The hope, or reasoning seems to be that 
the strong characteristics will compen- 
sate for the deficiency. This can be an 
appealing argument, but experience in- 
dicates that the risk involved is great. 

It is apparent also that much difficulty 
can be avoided by careful early appraisal 
of individuals being considered for line 
promotion. We all know that most 
high-level promotions are made only 
after painstaking consideration. Why 
not adopt the same attitude toward pro- 
motions at all levels? I think we would 
if we had a good yardstick. But not 
uncommonly the seriousness of a poor 
initial selection does not show up for 
many years. This is particularly true in 
the large organization, where the junior 
executive is subject to so many checks 
and balances that it is Iterally difficult 
for him to commit a major blunder. 
However, as he moves up the line, the 
number of checks and balances de- 
creases. Executive weaknesses, prev- 
iously obscured, begin to show up. The 
result is arrested progress, or in extreme 
cases, demotion. 

In conclusion, suppose we again face 
the question, “Are You of Executive 
Caliber?” Clues to the answer probably 
lie in your own experience: For exam- 
ple, do people look to you to get things 
done? Are you in demand to head com- 
mittees ? Or do you like to sit tight and 
let the other fellow carry the ball? Are 
you called upon frequently to analyze 
tough problems, or are you merely asked 
to contribute data? Have you contri- 
buted in some substantial way to the 
advancement of your business, such as 
the formulation of better policies, ra 
tionalization of operations, or ideas that 
have matured into new or improved 
products? Do you enjoy working with 
people, or are you happier when left 
alone with a problem? Do you jump 
(almost literally) at the chance to give 
an associate a lift, and do others jump 
at the chance to give you a lift? In 
brief, do you have the will to do; do 
you think straight; and do your actions 
evoke cooperative effort? 
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HOW IS YOUR SALARY DETERMINED? 


STANLEY P. FARWELL 


Business Research Corporation, Chicago, Illinois 


OW Is Your Salary Determined?” 

The most obvious answer to this 
question would be, “I don’t know,” and 
it would be perfectly correct because 
the correct answer depends on the 
policies and practices of the companies 
in which you are employed. 

In the so-called process industries 
there are a number of concerns which 
are well known for their progressive 
industrial relations and salary adminis- 
tration policies and practices. Also 
among the companies there must be 
some which are not so advanced and in 
which a man’s salary is arrived at by 
policies and influences which are not 
quite up to date. I shall in this article 
in the main, try to outline for you the 
policies and methods for salary deter- 
mination which are typical of the most 
advanced practice in American industry. 

For convenience a hypothetical cor- 
poration, the X YZ company can be used. 
This company is in a process industry. 
It has a general office in Chicago and 
a number of plants scattered around the 
country. 

At its general office is its president 
and a number of vice-presidents, in 
charge of the usual fields of activity. 
One of these vice-presidents has charge 
of industrial relations and he has a well- 
staffed department, including a wage 
and salary administrator whose job it is 
to administer wages and salaries up to a 
certain level. I shall come back to him 
later in discussing how salaries are 
fixed. 

The XYZ company also has a Salary 
Committee made up of vice-presidents, 
which formulates salary policies for ap- 
proval by the president and passes on 
recommendations for increases in the 
pay of positions up to a certain level, 
above which the president has this re- 
sponsibility. 

To round out the roster of those in- 
volved in determining wages and salar- 
ies I should mention that in each plant 
there is a personnel manager, who 
usually reports directly to the plant 
manager but is under the functional 
supervision of the vice-president in 
charge of industrial relations at the 
general office. 

In outline the principal features of a 
modern salary administration plan such 
as installed in the XYZ company are 
as follows: The company will, of course, 
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have made full use of job evaluation to 
determine the relative importance of all 
positions in its service which it chooses 
to include in the evaluation. The com- 
pany several years ago evaluated all of 
its “hourly rated” plant and operating 
jobs and then all of its salaried clerical, 
office, and technical jobs up to a certain 
level. And it has just completed an 
evaluation of all its “managerial” posi- 
tions, which classification includes those 
of a supervisory, administrative, execu- 
tive, staff, professional, or technical 
nature up to a high level. 

The technique of evaluating manag- 
erial positions is a comparatively recent 
development. The plan developed by the 
Business Research Corp. has now been 
successfully applied in 15 substantial 
companies so it is well out of the pilot- 
run stage. With it even vice-presidential 
positions have been accurately evaluated. 

Since job evaluation plays so impor- 
tant a part in determining wages, salar- 
ies and compensation of many, I shall 
define it, tell why it is needed, and touch 
the high spots of this technique. 

Job evaluation is the process of 
analyzing and grading jobs or positions 
so as to establish pay rates which fairly 
compensate the degree of skill, effort, 
experience, and responsibility required 
for each job. 

Wages or salaries paid according to 
rates established through this process 
will be in correct relation to each other 
for all levels covered. In addition, it 
will be possible through having adequate 
job descriptions to make more accurate 
comparisons with rates paid in the in- 
dustry or community for similar work. 

An excellent comment on the need for 
job evaluation is found in the job eval- 
uation manual issued by a large chem- 
ical company in cooperation with its 
union. 


The determination of how much one job 
is worth as compared to another—rather, 
as compared to several thousand others— 
can no longer be left to guesswork or rule 
of thumb. To do so could mean only 
discrimination and general sloppiness in 
the wage structure. It would mean also 
that the union and the company would 
be faced with the superhuman task of 
bargaining separately over the wages of 
almost every man in the plant. It would 
mean almost as many wage rates as 
workers. I: short, it would mean a situa- 
tion in which no one would ever be sure 
he knew anything about anything 
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From my close acquaintance with 

many kinds of establishments, I cannot 

help but conclude that in numerous cases 

their wage structures, like Topsy, “just 

growed.” The wage rates paid at any 

particular time are often the result of 

many different influences and forces 

such as: 
Over- or underestimating the 
ments of a job 

Paying according to the man in the job; 
not for the job itself 

Favoritism, or the opposite 

Whether an executive in charge of a par- 
ticular group of employes is one who 
“goes to the front” for his men or holds 
back. 

Wages rates in the industry. 

Pressure of supply and demand in the 
labor market 

Seniority. é 

Union pressure through collective bar 
gaining. 

Cost of living. 


require- 


Some of these influences are normal 
and affect the wage rates of all or most 
of the jobs concerned, but there are 
others which operate to create more or 
less serious and unnecessary inequities 
in wage rates 

It is well known that such internal 
inequities can and do cause more bad 
feeling than the fact that some other 
company may be paying higher rates. 
If Bill Smith thinks he is doing just 
as important a job as Sam Jones who 
works alongside of him, but finds that 
Sam gets 10 cents an hour more than 
he does, he has a feeling of injustice 
which rankles and causes discontent. Ob- 
viously, it is important to remove all 
such inequities and misunderstandings 
as far as possible, both in the case of 
rank-and-file jobs and managerial posi- 
tions. 

Now to outline some of the techniques 
used in job evaluation. Job evaluation 
always starts with a careful analysis and 
statement of the duties and responsibili- 
ties of the position and in most cases 
specifications as to the education, exper- 
ience, and other qualifications required 
for a person filling the position. This is 
“job analysis” and the completed state- 
ment is called a job or position descrip- 
tion. Sometimes it is termed a “specifi- 
cation” rather than a “description.” 

These job descriptions are so written 
as to follow the pattern of the several 
“factors” of the rating scale which is 
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to be used in evaluating the position. As 
an illustration, the rating scale used by 
the Business Research Corp. for clerical 
and office positions has 15 factors. A 
typical job analysis form is shown on 
this page. 
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The managerial position evaluation 
scale has only nine factors, covering 
responsibilities for the following : 

Programs, Projects, or Operations 


Supervision of Personnel 
Employee Relations 
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Customer or Public Contacts 
Internal Contacts 
Investigations or Fact-Finding 


Planning, Scheduling, or Forecasting 
Establishing Standards 
Gain or Loss 
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With carefully prepared and approved 
position descriptions in hand, the next 
step is to rate them. This is usually 
done by a thoroughly qualified commit- 
tee of company executives, with 
sultants sitting in. Under our rating 
plans, the Rating Committee assigns 
each position a certain number of 
“points” for each factor, and the sum 
of these points for all the factors gives 
the over-all point-rating for the position, 
which fixes the relative ranking of the 
position with respect to all other posi 
tions so evaluated. 

A chart is then prepared on which 
each position is represented by a point 
determined by the point-rating (ab- 
scissa) and salary (ordinate). These 
points form a “scatter” diagram. The 
next step is to calculate the “line of re- 
gression” (more popularly, “trend 
line’) to fit the array of points, and plot 
it on the chart. 

Having plotted the trend line, use is 
made of all available information as to 
what salaries are paid for comparable 
positions in the area or industry and 
the slope or level of the trend line may 
be changed to meet competitive condi 
tions. 

An accompanying graph shows such a 
typical structure. It consists of a num 
ber of “salary grades,” each of which 
has a salary range from minimum to 
maximum. All positions fall into one or 
another of these grades. When this 
structure is approved by top manage- 
ment, it establishes the framework by 
which all salaries covered by it are ad- 


con- 


ministered—a process outlined by the 
following typical case. 

Let us assume the case of a chemical 
engineer working in one ot the plants 
of the XYZ company in either develop- 
ment or production work. The position 
has been covered by job evaluation and 
a salary range established for it which 
fairly represents its importance with 
respect to all other positions evaluated. 

The salary received at any time de- 
pends upon his performance in the posi 
tion as registered in the minds of the 
people he works for. It be that 
this impression has not been reached 
through any formal process or it may 
have been crystallized through a merit- 
rating process such as is being increas 
ingly adopted by progressive companies. 

In this process two or three people 
whe 
him would record their impressions on 
a scale covering the quality of his work, 
its quantity, his dependability and other 
important attributes, which together 
give a good indication of the quality of 
his work. Such merit ratings would be 
made yearly. 

Usually salaries come up for review 
either on the anniversary of a person's 
employment with the company or yearly 
at a certain time for all employes. Either 
practice is good. When such a review 
is made, immediate supervisors consider 
situations and may make recommenda 
tions to the head of the department for 
an increase within the range set for a 
position. The department head then 
turns in his recommendations to the 


may 


are in the line of authority above 


plant manager, who calls the plant’s 
personnel manager into consultation to 
get his advice, both as to the merits of 
the recommendation and as to whether 
they conform to the company’s salary 
administration policy. From there on 
the handling of increases depends on 
whether the company’s salary adminis- 
tration is centralized or decentralized. 

Some well-known companies are 
highly centralized in this respect and 
increases must receive consideration by 
top officials or the salary committee at 
the main office. In other companies the 
plant manager has authority to grant 
increases up to a certain level in the 
organization, provided that they are 
within the established ranges and he 
keeps the average pay for all positions 
around a certain level. Usually where 
the plant manager has such authority he 
must refer proposed increases which 
are out of the ordinary to the general 
office. I personally favor the decentral- 
ized plan. 

One of the questions frequently asked 
“Can a man expect an average 


This 


of me is 
percentage increase each year?” 
must be answered in several steps 

If you happen to occupy a rank-and- 
file position in one of the lower salary 
grades you probably would receive auto- 
matic increases at regular intervals of 
six months or a year provided you were 
doing an acceptable grade of work. 
Through this process you might re- 
ceive a total increase in salary of 25% 
or 30% in two or three 

If you were in what 


years. 
I might call a 


| 


T 
+ 


SALARY GRADES ANL 


jrade 


4 


Illustration 
TYP! 
JOB EVALUATI 


(Por 


Business Researcr 


Range 


+ + 
Trend Line 


Titles of Job Classes 
Listed Along Ant 
According to Point 


Minimum Range Line 


140 


Chemical Engineering Progress 


i 
| 
1090 
900 + 4 4 4 + + 4 4 
| RANGE | | | | 
T Point Monthly Salary T — | 
No. Value Range } | . 
+ +-- $285 to + + + + + + + + ; 
i | . 
4 . | 
» 
e je 
3 actual Salary 
Actual Salary 
for Job Cless 
| | 
oe 
| | | | | 
o 10 60 100 310 320 130 160 170 160 190 200 210 #20 230 280 esc 270 
Brig Vol. 47, No. 5 ee Page 221 


middle-grade position in the rank-and- 
file group you might be advanced more 
or less automatically to the median of 
the range for your position. Subsequent 
increases would be based upon a more 
careful appraisal of the quality of work 
you are doing. Such increases are 
known as “merit” After 
several of these your salary would finally 
reach the maximum for your position, 
which would be around 30 per cent 
above the minimum. This whole process 
might take four or five years. 

In the case of higher positions, espe- 
cially those in the managerial group, 
increases are not automatic. Under 
proper salary administration each 
would be based on merit as determined 
by a careful appraisal of each man’s 
performance. In the upper levels of an 
organization the salary ranges may be 
as much as 40 or 50 per cent and normal 
movement through them would take a 
length of time depending on the quality 
of the man’s performance. Increases for 
top-level positions are usually deter- 
mined by a salary committee and/or the 
president. 

When an employee has reached the 
maximum salary set for his position 
further advancement salarywise in gen- 
eral depends upon promotion to a 
higher position. Of course, there are 
sometimes exceptions but it is becoming 
more and more generally recognized 
that there is a limit to what a position 
is worth to a company and that to break 
through maximums soon impairs the 
whole salary structure. 

Modern salary administration requires 
that the salary structure both as to 
ranges for position and general level of 
the entire structure be under constant 
review to meet changing conditions 
both in the content of jobs and in gen- 
eral salary levels, which are affected by 
cost-of-living and other valid influences. 

Salary administration of high quality 
requires the services of people who are 
expert in this field and as much stability 
as possible in the staff assigned to this 
important task. Proper maintenance of 
the salary structure also requires strong 

| interest and support on the part of top 
‘management. In the progressive com- 
) panies which have good salary admin- 
‘istration this support has been present. 

The most progressive companies have 
evolved sound salary policies which they 
have reduced to writing for the guid- 
ance of all concerned. This practice 
should be followed by all companies 
which want the best results. 

Another question frequently put to 
me is, “Could a salary policy be stated 
in a few words—if so, what?” 

A good statement of a salary policy 
certainly requires more than a few 
words. However, some of the criteria 
which consciously or unconsciously 


increases. 
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should be applied in the determination 
of a fair salary for any managerial 
position are the following : 


The salary should be in line with 
those paid for positions of like 
difficulty and importance in the 
company. 

The salary should be in line with 
those paid similar positions in the 
area or industry. 

The salary should be sufficient to 
permit a standard of living appro- 
priate to the position. 

The salary should be such as will 
attract and hold good men. 


Another question put to me is this: 
“Is the salary a man receives entirely 
a function of ability, length of service, 
luck, or ability to ‘polish the apple?’ ” 
My answer to this question is piece- 
meal : 


The more perfect a company’s 
salary administration the more 
recognition is given to ability. 
Length of service is recognized 
salarywise up to a certain point. 
Beyond that increases should not 
in general be given for length of 
service within a given position. 
Luck sometimes plays a part in a 
man’s advancement. Sometimes a 
man happens to be in the right 
place at the right time and he re- 
ceives the favorable attention of 
the right people, whereas someone 
else equally able and as well quali- 
fied for promotion is net so 
strategically _ placed. Probably 
such factors will always have some 
influence but the probability is 
minimized in a company which has 
a good administration. 

“Polishing the apple” is an old 
school-boy technique which is not 
entirely unknown in other circles 
and it sometimes gets results. This 
process does not get far with an 
alert executive, and the technique 
is quite apparent to the associates 
of the man who employs it and it 
does not raise him in their estima- 
tion. 


If I have not been able to tell you 
specifically how your salary is deter- 
mined, I have presented an outline of 
how it would be determined under the 
most modern salary administration 
policies and practices. 


Discussion 


Someone from the floor has asked a 
question on replacement charts. The 
question is answered by S. P. Farwell. 


S. P. Farwell. You are all familiar 
with an ordinary organization chart 
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which consists of a series of rectangles 
on different levels with lines connecting 
them. Some companies make use of 
what are sometimes termed replacement 
charts which look a good deal like an 
organization chart. In fact I have seen 
ordinary organization charts used for 
that purpose, only the different rec 
tangles representing the positions had 
different colors placed on them, which 
indicated the opinion in which the men 
holding those positions were held by 
top management. These different colors 
would be such that let’s say one color 
would mean, “this man is O.K., he is 
a comer and we are all set for filling 
the position above him.” In another 
case, another color might indicate that 
“this man is not quite up to snuff. If 
his superior passes on he will not be 
ready for promotion.” Still another 
color might mean “this man is unsuited 
for the work he is in and there is no 
possibility of his filling the job ahead 
of him.” 

That kind of a chart is 
executive action. First of all, it may 
indicate that certain people are in need 
of more education or more experience, 
or certain kinds of experience. Then 
the alert management sees to it that such 
a man, if he is worth the attention, does 
receive special treatment to qualify him 
for promotion. 

If, however, the opinion is that a man 
is not worth such attention, then the 
management looks for a position to 
which he may be transferred and in 
which position he can do a good job 
and be satisfactory to himself as well 
as to the company. 

One reason that kind of chart is being 
used these days is that it is so difficult 
in many instances to find people who are 
qualified for higher executive positions 
This is an age of specialists. I have sat 
with the president of one company in 
particular, when he was trying to find 
men to promote to general management 
positions. We went all through the 
roster of his principal people who were 
departmentalized, and we couldn't find 
anybody who could be promoted to that 
particular executive position which was 
a good one. In a few cases this process 
led of necessity to employing men from 
outside. The practice of going outside 
when you have to, is good. A company 
cannot afford to stay inside all the time 
if it hasn’t people ready for the promo- 
tion that is available. Of course, it is 
to its discredit sometimes that it 
hasn't such a qualified man lined up. 
Progressive companies are laying more 
and more emphasis on seeing to it that 
they do have good runners-up and quali- 
fied people in reserve to meet all reason- 
able eventualities. 
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CONDUCTIVITY OF GASES 


Measurement at High Pressure 


J. M. LENOIRTt and E. W. COMINGS 


An apparatus was constructed for measuring thermal conductivities of 
gases at high pressure to a precision of 114 per cent at low values of 
thermal conductivity and of 3 per cent for high values of thermal con- 
ductivity. Pressure-thermal conductivity isotherms for nitrogen, meth- 
ane, argon, hydrogen, helium, ethylene, and carbon dioxide were deter- 
mined from 1 to 200 atm. Results with nitrogen agreed with the 
previous findings of Vargaftik (1°), who measured values up to 90 atm. 
The correlation by Comings and Nathan (2), was found to give good 
agreement with the measured values except in the region near the 
critical state, where the correlation predicted low values. 


HE design of high pressure equip- 

ment involving gases requires a 
knowledge of gas properties. Pressure- 
volume-temperature relations and the ef- 
fect of pressure on viscosity are known 
to a considerable extent. In general, the 
effect of pressure on thermal conductiv- 
ity had not been measured. Only a lim- 
ited amount of data had previously been 
obtained at elevated pressure because of 
experimental difficulties. The relative 
change of thermal conductivity with 
pressure is of the same magnitude as 
that of viscosity, and may amount to 
several hundred per cent. For this rea- 
son thermal conductivity data are im- 
portant in considering heat transfer at 
high pressure. 

The change of thermal conductivity 
with pressure has been predicted theo- 
retically by Enskog (4) and Chapman 
(1). Comings and Nathan (2) evalu- 
ated the constants in the Enskog equa- 
tion for a number of gases and found 
that the thermal conductivity ratio for 
the various gases was comparable at 
corresponding states. These authors 
were able to make a generalized corre- 
lation of thermal conductivity ratio as a 
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function of reduced pressure and re- 
duced temperature. 

The thermal conductivity of gases has 
been measured at atmospheric pressure 
by a number of investigators (17) who 
used some modification of the Schleier- 
macher (13) device, an apparatus con- 
sisting of an electrically heated wire 
centered inside a tube. A measured 
quantity of heat is caused to flow from 
the wire, through the test gas layer, to 
the surrounding walls of the tube, with 
wall and wire temperatures being meas- 
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ured. Corrections for radiation and heat 
flow along the wire to the ends of the 
apparatus are required and convection 
in the gas must be avoided. 
When a fluid is confined 
parallel walls a stabilizing effect occurs 
tending to prevent convection. This ef 
fect is inversely proportional to the cube 
of the distance between the walls, and a 


between 


narrow space is required to prevent con 
vection. Kraussold (77) examined the 
results of a number of investigators on 
heat transfer through stagnant gas lay- 
ers and included results of his own on 
water and oils. These results in the main 
applied to annular spaces, both in verti- 
cal and horizontal positions, but some 
of the data on gases applied to horizon- 
tal gas layers. Kraussold expressed the 
actual heat transfer in terms of a ficti- 
tious thermal conductivity which in 
cluded heat transfer by convection. The 
ratio of this apparent conductivity to the 
true conductivity was then found to be a 
function of the product of the Grashof 
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Fig. 1. Kraussolds correlation of ratio of apparent to true thermal conductivity for 
heat transfer across a layer of fluid. 
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NOT TO SCALE 


Fig. 2. Schematic arrangement of thermal conductivity apparatus showing relative 
position of thermocouples. 


and Prandtl numbers, provided that this 
product was greater than 600. Below 
600 the apparent and true conductivities 
were equal, and were independent of the 
Grashof and Prandtl number product. 
The function is shown graphically in 
Figure 1. The ratio of apparent to true 
conductivity at values of Pr.Gr. product 
below 10,000, appeared to be independ- 
ent of whether the gas layer was verti- 
cal or horizontal, or of annular shape, 
and independent of the direction of tem- 
perature gradient. All the data were 
obtained at atmospheric pressure except 
that by Sellschopp (75). Kraussold’s 
method of plotting Sellschopp’s data was 


not rigorous, and the application of 
Kraussold’s relation at high pressures 
on this basis cannot be accepted with 
assurance. The value of D in the Gras- 
hof number was the width of the gas 
layer. Schmidt and Milverton (14) 
studied heat transfer through various 
thicknesses of water and concluded that 
if the product of Grashof and Prandtl 
numbers was less than 1709 convection 
was absent. 

Sellschopp measured thermal conduc- 
tivity at high pressure using a modified 
Schleiermacher apparatus with a gas 
layer thickness of 0.010 in. The values 
he obtained at atmospheric pressure 
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Fig. 3. Assembly drawing showing bomb end A. 
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were 3% lower than other literature 
values. This was probabiy due to limi- 
tations in the apparatus design con- 
nected with establishing a uniform gas 
layer width and in measuring this width 
with sufficient accuracy. Sellschopp con- 
fined his study to carbon dioxide up to 
90 atm. In the region of the critical 
state, from the Grashof and Prandtl 
numbers, the tendency for convection is 
very large. Fifteen measurements close 
to the critical were shown by Sellschopp 
to be invalid due to convection. The ma- 
jority of his data was evidently taken 
under convection free circumstances, 
and the statements of others (2, 18) 
that all of Sellschopp’s data are invalid 
because of convection are erroneous. 

Using another type of Schleiermacher 
apparatus Vargaftik (18) obtained 
measurements on nitrogen and water 
vapor up to a pressure of 90 atm. He 
used a thickness of gas of 0.014 in. but 
because the nitrogen was in a state 
relatively far away from the critical 
state he was able to avoid convection. 
Vargaitik was unable to measure the 
thickness of his gas layer to a sufficient 
accuracy and found it necessary to cali- 
brate his apparatus using accepted ther- 
mal conductivity values for air. 

The difficulty of measuring thermal 
conductivities at high pressure lies in 
the increased tendency towards convec- 
tion when the pressure is increased. An 
extremely thin gas layer is required 
The fabrication of a precisely uniform 
thin gas width is a requirement of a 
Schleiermacher apparatus. This is dif- 
ficult and for this reason the Schleier- 
macher, or direct method, was rejected 
and an indirect method was selected 
which does not require an exact knowl- 
edge of the gas layer thickness or the 
rate of heat transfer through it. This 
method requires calibration of the ap- 
paratus with gases of known thermal 
conductivity. 


Description of Apparatus 


The apparatus was constructed of con- 
centric steel tubes (SAE 1015) 30 in. in 
length. Figure 2 shows the basic principle 
of the design. Considering the end-section 
view the apparatus was made of four hori- 
zontal steel tubes each concentric with the 
other, and with annular gaps between them. 
Cold water was passed through the inner- 
most tube; hot water, through the outer- 
most annulus. Between the innermost tube 
and the next larger tube was the sample 
gas layer, 0.008 in. thick. Between the 
second and third tubes was a second annular 
gas layer 0.033 in. thick which was filled 
with nitrogen, methane, or aelium at one 
atmosphere pressure. Temperatures were 
measured by thermocouples designated by 
the letter Z. The function of the second gas 
layer was to increase the thermal resistance 
between Z; and 7, to a magnitude equal to 
the thermal resistance between Z, and Zs. 
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Heat flowed from the hot water, across 
the series of concentric steel tubes and gas 
layers, to the cold water. The central tube 
(thermocouple location Z:) received heat 
by conduction through the gas layers sur- 
rounding it, and also by conduction through 
the metal seals at the ends of apparatus 
These metal seals had a thermal conductiv- 
ity of the order of 2000 times that of the 
gases, and tended to act as short circuits 
for the heat flow. By making the low 
pressure seal relatively small in area and 
the high pressure seal larger in area, an 
approximate balance of thermal resistances 
was obtained so that the end temperatures, 
t. and t." were approximately the same as 
the middle temperature, t,. Metal fins were 
placed at both ends of this central tube with 
heating or cooling coils. By controlling the 
heat introduced in these coils, t and f.’ 
were brought to the same temperature as h, 
to within 0.1° F. without difficulty. The 
middle temperature, t:, was not sensitive to 
the end temperatures. With such thin gas 
layers and all metal construction the radial 
heat flow was large, of the order of 100 
B.t.u./hr., which minimized the effect of 
end-temperature differences on the read- 
ings of the central thermocouple, 22. 

It was desirable that the thickness of 
both gas layers be as uniform as possible 
The surfaces were precision-honed to a 
mirror finish. The tubes were mounted in- 
side one another by using shims at the 
ends. Uniformity of the gas layer thickness 
was checked by directing a light into the 
gas layer space at one end and noting the 
illuminated circle at the other end. Non- 
uniformity of the gas space anywhere along 
the length resulted in darkening of the 
circle along that side. This was corrected 
by springing the tube slightly. 

An assembly drawing of the high pres- 
sure inlet end of the apparatus is shown in 
Figure 3. The other end consisted of the 
same arrangement except the pressure inlet 
connection was absent. Seven tubes were 
used. One served as a hot-water jacket. 
The other six were made into three tubes 
by press-fitting the larger over the smaller. 
This was done to permit construction of 
the thermocouple wells, which were %- 
by %-in. slots. Nine were 15 in. long, and 
six were 6 in. long. The long ones were 
used to measure temperatures in the middle 
of the apparatus where end effects have a 
minimum influence on temperature. The 
short ones were used to measure end tem- 
peratures. The press fit construction is 
denoted by a change in cross-hatching on 
Figure 3, and the thermocouple well loca- 
tions are shown by the dotted lines. Three 
sets of thermocouples were used to measure 
the middle temperatures corresponding to 
the top, side, and bottom positions in the 
apparatus 

The extreme thinness of the gas layers 
in relation to the metal walls is shown on 
Figure 3. The sample gas layer had an 
inner radius of 0.653 im., the outer gas layer, 
an inner radius of 1.614 in. The walls were 
designed to withstand safely a sample gas 
pressure of 550 atm. The inner pressure 
wall was 0.40 in. thick: the outer pressure 
wall was 0.953 in. thick. The wall confining 
the outer gas layer was 0.35 in. thick. All 
these walls were made of two shells of 
steel, thus there was a discontinuity in each 
wall 

To ensure that the hot water would con- 
tact all of the outer surface, a helical coil 
was placed in the water jacket space to 
cause the water to flow in a spiral path 
between the turns of this coil and around 
the outside surface. Both the hot and cold 
water were pumped at high velocity 
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through the apparatus. Water temperatures 
were maintained constant using large 40- 
gal. baths with stirrers and heaters, with 
Capital Chemical Co. thermoregulator con- 
trollers sensitive to 0.03° F. 

The pressure of the test gas was meas 
ured by two 12-in. diameter Bourdon gages, 
one covering the range 40 to 1200 Ib./sq.in 
gage and the other, 1200 to 3000 !b./sq.in 
gage. These gages were calibrated by a 
dead weight gage of the type described by 
Keyes (9). Pressure could be read to | 
Ib./sq.in. Temperatures were measured by 
means of iron-constantan thermocouples 
(No. 28 wire), a Leeds and Northrup Type 
K-1/ potentiometer and type galvano- 
meter. Sensitivity was such that measure- 
ments could be made to 0.2 microvolts. The 
thermocouples were calibrated against a 
mercury in glass thermometer with grad- 
uations to 0.1° C. certified by the National 
Bureau of Standards. Calibration was ne- 
cessary only for determining the tempera- 
ture level of the sample gas, and was not 
of importance in determining the thermal 
conductivity 


Theory 


Under certain conditions and after a 
state has been reached the ther- 
mal conductivity of the sample gas bears 
a linear relationship to the ratio of the 
temperature differences across the inner 
and outer thermal resistances. These 
are the resistances that lie between ther- 
mocouples Z, and Z, and between Z, 
and Z, respectively. These conditions 
are listed below and will be discussed 
in turn, 


steady 


1. In the region midway between the 
ends of the apparatus the radial heat flow 
through the outer resistance of the appa- 
ratus 1s equal to the heat flow through the 
inner resistance. 

2. The thermal conductivity of the test 
gas alone changes with pressure, and the 
thickness of this layer remains constant 

3. The apparatus is sufficiently symmetri- 
cal so that the heat flows througk the 
respective resistances in series and the effect 
of circumferential heat flow is negligible 
In particular, the effective width of the 
sample gas layer is independent of the 
thermal conductivity of the gas 

The radiation error is negligible 


5. Convection in the gas layers is absent 


Under these conditions the outer re 
sistance is constant and the inner re- 
sistance may be divided into two parts. 
one independent of the sample gas ther- 
mal conductivity and one inversely pro- 
portional to its thermal conductivity. 
For the outer resistance, 
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But gy = gx, and by dividing Equation 
by Equation (1), and rearranging, 


3) 
Aty ‘ 


where 8 and y are new constants. 

That the five conditions listed above 
were actually met in the design and op- 
eration of the method is indicated pri- 
marily by the linear calibration curves 
obtained. However, this is not conclu- 
sive evidence and each of the conditions 
will be discussed. 

Condition 1 requires for the portion 

of the apparatus where measurements 
are made that only radial heat flow ex- 
ist. This condition was very nearly met 
by adjusting the temperatures at the 
ends of the apparatus, employing sec- 
ondary heating or cooling as required 
at each end, so that the temperature 
gradient along the length of the appara- 
tus was very small. The length of the 
apparatus was also governed by the ne- 
cessity for providing significant resist- 
ance in this direction. A slight correc- 
tion was applied to account for the 
small temperature gradient measured 
along the length, in accordance with the 
fin equations; the correction amounting 
to an almost negligible amount. The 
middle temperature, t, (See Fig. 2) was 
not critically sensitive to the slight 
changes in the values of fy. 
Condition 2 implies that there is no 
change in resistance except that due to 
the change in thermal conductivity of 
the sample gas with pressure. A correc- 
tion is required due to deviations from 
this condition. As the pressure of the 
sample gas increases the width of this 
layer increases slightly. This results in 
the measured value of thermal conduc- 
tivity being low. Based upon the equa- 
tions for strain in cylinders of infinite 
length the change of gap width with 
pressure was calculated. For internal 
pressure, 


14.69Pr, 


all 
I 


and for external pressure 


4W = 


14.69Pr, 


(6) 


Ww 


From Equations (4), (5), and (6) 
combined this correction was found to be 
+ 1.21 x 10 


-@) 
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| 
f 
| 
q 
ret 
(4) 
r2+r,2 ‘ 
(5) 
Aty But 
qx = (1) 
J and for the inner resistance 
rs At, 
k 
. 


Equation (7) was used to correct the 
measured conductivities &,, a correction 
amounting to 2.4% at 200 atm. 

Condition 3 will be met if circumfer- 
ential heat flow either in the gas layers 
or in the steel does not distort the tem- 
perature distribution in the middle of 
the apparatus from a circle or change 
the magnitude of the temperature dif- 
ferences. The magnitude of this source 
of error was calculated for two assumed 
limiting cases. Consideration of these 
cases indicates that in general moderate 
eccentricity does not lead to appreciable 
errors. This is so because the gas layer 
is thin and has a high thermal resistance 
in the circumferential direction so that 
heat flow through the gas layer is al- 
most entirely radial. This results in a 
greater heat flow through the thinner 
portions of the layer and a circumfer- 
ential heat flow in the steel. However, 
the resistance to this flow in the steel is 
so low that the temperature is nearly 
uniform in the steel at any given radius. 
The result is essentially the same as 
though the gas layer were of uniform 
thickness and all heat flowed radially. 
The effect of eccentricity may, however, 
become appreciable at large eccentrici- 
ties especially when the walls of the gas 
layer touch at any point. 

Radiation through the gas layers per- 
mits heat flow which is independent of 
the thermal conductivity of the gas in 
the layer. When the simultaneous heat 
transfer by radiation and conduction is 
taken into account an equation consid- 
erably more complicated than Equation 
(3) results. 

The heat transferred by radiation 
from metal wall to metal wall through 
the gas layer is given by 


= 0.173A>=— ( - | 
(8) 


where q, is the heat transferred by ra- 
diation, A is the area of heat inter- 
change, ¢« is the emissivity of the walls, 
and 7, and 7, are the absolute tempera- 
tures of the hotter and colder wall sur- 
faces respectively, in degrees R. The 
total heat transfer, g,, across a gas layer 
1s 


where q, is the heat transferred by con- 
duction, and there is no convection. Con- 
sidering conduction only, let the thermal 
resistance of the gas thickness of the 
outer layer be denoted by Ry, and the 
metal thickness thermal resistance of the 
outer layers by Rg. Then by the princi- 
ple of equal heat flow through the vari- 
ous layers, 


where the subscripts A and B refer to 
the gas and metal thicknesses respec- 
tively. For simplification, let 


1(T)4 = 


€ Tha ‘ Toa ‘ 
y (Jat) (Fx) | 
(11) 


For the inner layer of thermal resist- 
ances, an equation similar to 10 can be 
written, 
Af. At 
+ f(T), = 


12 
R (12) 


Rp 


The subscript C refers to the inner gas 
layer, and the subscript D refers to the 
metal thickness of the inner layers. 
Equation (10) can be transformed to 


At, Ate Ate, 

R, Rp +R 
(13) 


and Equation (12) can be treated simi- 
larly. But At,+Atg = Aty and 
Ato + Atp = At,, where Aty and Af, are 
the temperature differences across outer 
and inner thermal resistances respec- 
tively. Combining Equation (13) and 
the similar equation for the inner ther- 
mal resistance results in the relation, 


At, 
Aty 


_ RAT) ¢ 
Alp 


| 
At, 


(14) 


TABLE 1.—CALCULATED VALUE OF 7+, AS A FUNCTION OF & 


Gas 


Carbon dioxide 


B.t.u 


Thermal 
Conductivity 

Chr.) (ft.) (° F.) 
at 106° F. e 


Values of 
0.24 
3800 
3831 


-BR45 
3870 


Chemical Engineering Progress 


Applying again the principle of equal 
heat flow through each layer, 


(15) 


Combining Equations (14) and (15), 
and multiplying, 

RpRef ( Tc 

8 
Rak af ( T)4 
Alp 


Rp + 


(16) 


By cross-multiplying and rearranging 
terms, 
Rp + Re 


Bty 
At,RyRaf(T)4 RpRcf (T 
(Ry t Rg)Atp 


(17) 


Ro+ Re B +y 
k 


(18) 


The equation involving radiation is thus, 


at, _ B Kae 


(19) 
Aly 


where 


_ AtRaRaf(T) 4 _ 


RpRef 
AtyCAt, 


CAtp 


(20) 


The tactor ® can be arbitrarily written 
in the form 


1) 


where ™ is a constant of arbitrarily se- 
lected value, and r is a function of & 
and the radial temperature distribution. 
Then Equation (19) can be written as 


(22) 
Aly k 

The value of y+r can be com, sted 
from experimental measurements and 
the geometry of the apparatus if an 
emissivity is assigned to the highly pol- 
ished steel walls. Arbitrarily assign a 
value of J such that r = 0 when carbon 
dioxide is the test gas used. 

The calculated values of a+r in 
Table 1 show that for an emissivity of 
0.24 this value changes by 1.8% for a 
ninefold change in thermal conductivity. 
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The change is small primarily because 
the heat transferred through the ex- 
tremely thin gas layers is so much 
greater by conduction than by radiation. 
The heat transfer by radiation through 
the test gas layer is about 1% of the 
total heat flow, and through the 
outer gas layer, 5%. The accuracy 
with which the conductivity of the 
calibrating gases is known is prob- 
ably from 1 to 2%. The degree to 
which the value of y+ 7 remains con- 
stant is a measure of the linearity of the 
calibration curves. The amount ef cur- 
vature is of the order of the experimen- 
tal error and of the accuracy with which 
the thermal conductivities of the gases 
used for calibration are known. It is 
possible that greater curvature was not 
observed due to a compensating effect. 

The apparatus was calibrated at at- 
mospheric pressure using nitrogen, me- 
thane, carbon dioxide, and helium. This 
consisted of evaluating the linear rela- 
tionship in Equation (3) using the above 
gases of known thermal conductivity in 
the inner test gas layer and for a single 
temperature level and difference in tem- 
perature between thermocouples Z, and 
Z,. Data for a typical case with me- 
thane in the outer gas layer are shown 
in Table 2. Values of k were obtained 
from the literature and the values of R’ 
were measured. 

Values of R’ are shown plotted against 
1/k on Figure 4 and a straight line re- 
sults. To determine an unknown value 
of k, the temperature differences across 
the outer and inner thermal resistances 
are measured and the ratio KX’ deter- 
mined. The value of & is then deter- 
mined from Figure 4. When the gas 
in the outer layer, or the temperature at 
Z, or Zs; is changed a new calibration 
line must be established. Calibration 
lines were obtained for three sets of 
thermocouples, namely, top, side. and 
bottom positions. The variation of these 
lines with location in the apparatus was 
small and was attributed to an uncer- 
tainty as to the radial position of the 
thermocouples and to slight variations 
in the thermocouples themselves. Cor- 
rections for these differences in thermo- 
couples were not made separately but 
were included in the apparatus calibra- 


TABLE 2.—VALUES OF 
Conditions: 


Methane in outer gas layer 
Temperature of test gas, 106° F 


+ = 1/eTu/HR.FT. °F 


| 


CALIBRATION 
METHANE OUTER ANNULUS 


TEMPERATURE 106 °F 


OF BOMB 


| | 


a4 


06 os 10 12 


R=RATIO 


Fig. 4. Calibration curve for thermal conductivity bomb with methane in 
outer annulus, 106° F. 


tion. The values of thermal conductivity 
determined separately from the calibra- 
tion curves for the top, side, and bottom 
sets of thermocouples agreed closely. 


Experimental Procedure 


The gases were obtained from commer- 
cial sources in cylinders under pressure 
Further increase in pressure was accom- 
plished by compressing the gas in a cylinder 
over mercury. The gases used and their 
purity were COs, 99.5%; Ns, 99.8%; CH,, 
99.0%; A, 99.6%; He, 98.0%; and Ha, 
997%. These were used as received. 

Gas was introduced into either annuli by 
evacuating the space, and then allowing the 
fresh gas to enter. This procedure was 
repeated five times leaving a residual old 


AS A FUNCTION OF THERMAL CONDUCTIVITY 


Over-all temperature difference, Z:—Za, 16° F 


k 


Therma! 


Conductivity 


gas of less than 0.01%. The different gases 
were introduced into the outer annulus to 
change the resistance and obtain a conven- 
ient K’ value. The nitrogen data were 
obtained with nitrogen in the outer gas 
layer; the hydrogen and helium data, with 
helium in the outer layer; and al! other 
data, with methane in the outer gas layer 
The choice of the outer layer gas was based 
upon obtaining a convenient value of outer 
thermal resistance. The function of this 
outer gas was primarily to serve as a ther- 
mal resistance, and an accurate knowledge 
of its thermal conductivity was unimpor- 
tant 

Readings of the thermocouple voltages 
and pressure were taken 50 min. or more 
after a new gas pressure was established 
It was found that 90% of the temperature 
change occurred in the first 15 min. after 
change of gas pressure 

The accuracy of the thermal conductivi- 
ties measured depended on the accuracy of 
the calibration. A’ values were measured 
for the four calibrating gases, nitrogen, 
methane, carbon dioxide, and helium, at 
atmospheric pressure. 

With methane in the outer annulus, a 
temperature of 106° F., and the top set of 
thermocouples being used, four determina- 
tions of RK’ with nitrogen in the inner an- 


B.t.u./ (hr.) (ft.) (* 
0.0104 
0.0157 
0.0210 
0.0895 


nulus were made. Values of K’ of 0.908, 
0.907, 0.907 and 0.906 were obtained. Simi 
larly R’ was measured nine times with 
methane in the inner layer, seven times with 
carbon dioxide, and six times with helium, 
with comparable precision. The tempera 


Value of 0.00857. value of 7+ 7, 0.380. 
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4 
‘ 
| 
| 
: | 
Gas in 
j Inner 
Layer l/k R 
eens 63.6 0.907 
. 47.6 0.774 


TABLE 3 
THERMAL CONDUCTIVITY OF NITROGEN AT 106° F. 


Thermal Conductivity Btu/hr. ft.° F. 
Btu/hr. ft.° Keyes and Sandell 


0.0157 


0.0201 


° 
THERMAL CONDUCTIVITY OF METHANE AT 106 F. 


Pressure Thermal Conductivity 
Atmospheres —Btu/br, ft. 


1.0 0.0210 
19.6 0.0219 


0.0365 


THERMAL CONDUCTIVITY OF ARGON AT 106 °F. 


Pressure Therual Conductivity 
atmospheres Btu/hr. ft. oF. 


TABLE 6 
THERMAL CONDUCTIVITY OF HELIUM AT 109 OF 


Pressure Thermal Conductivity 
atmospheres Btu/hr. ft. °F. 


0.0899 
0.0929 


0.0987 
TABLE 7 


THERMAL CONDUCTIVITY OF HYDROGEN AT 109 oF, 


Pressure Thermal Cc 
atmospheres Btu/hr. 
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THERMAL CONDUCTIVITY, BTU/ HR FT °F 


40 80 20 L 200 
PRESSURE, ATMOSPHERES 


Thermal conductivity of nitrogen 
106° F. 


ture of the inner gas layer was calculated 
and its thermal conductivity was deter- 
mined from data in the literature as fol- 
lows: (3, 5-6, 18) for nitrogen; (5, 7, 12, 
19) for methane; (3, 5, 7-8, 16, 19) for 
carbon dioxide; and (3, 5, 7-8, 19) for 
helium. Values of 1/k were computed and 
large scale plots of 1/k against K’ were 
made. A typical plot is shown in Figure 4 

Measurement of thermocouple voltages 
for each couple was repeated six times, and 
the results averaged. The value of the 
temperature difference ratio was evaluated 
as. 


AN Z:—2: (23) 


where here Z refers to the voltages pro- 
duced by the thermocouples. The reading 
of thermocouple Z, was corrected for end 
effect. The value of 1/k uncorrected for 
strain was obtained from Equation (3), 
using the constants in this equation obtained 
by calibration. Correction for strain was 
made using Equation (7), giving the de- 
sired thermal conductivity measurement 
The average temperature of the sample gas 
was evaluated as the average of the tem- 
peratures corresponding to readings of 
thermocouples Z, and Zs, and for this pur- 
pose the separate thermocouple calibrations 
were taken into account. The temperature 
difference across the inner gas layer was 
determined by the equation 


k’ 


Ate j 
x 


) (24) 


Experimental Results 


Measurements on nitrogen were made 
at 106° F. and up to a pressure of 205.7 
atm. This temperature was selected to 
allow comparison with Vargaftik’s 
measurements which were made at 
106° F. The measurements were taken 
with increasing pressure steps up to 
205.7 atm., and then with decreasing 
pressure steps, to learn whether a hyste 
resis effect was present. Values ob- 
tained with increasing pressure steps 
agreed well with the values obtained 
with decreasing pressure steps. The pre- 
cision of measurement was 114%. 

Values for the thermal conductivity 
of nitrogen are shown in Table 3 and 
are plotted on Figure 5 together with 
results obtained by Vargaftik. The 
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o22 
1.0 0.0157 0.0171 20 
47.6 0.0172 

62.7 0.0179 on 3 
96.3 0.0184 0.0193 
0. 
¥ 0.0209 
167.6 0.0210 ° 
0.0222 
TABLE 4 
= 
36.7 0.0231 
45.0 0.0239 
101.9 0.0283 
115.6 0.0292 
133.0 0.0329 
167.5 — * 
203.4 a 
0.010 
6.6 0.0117 
37.6 0.0121 

63.7 0.0132 : 
92.5 0.0139 
119.1 0.0149 
171.? 0.0164 
194.1 
| 
0.0230 
— 95.9 0.0988 
: 0.0960 
1.0 0.112 
82.7 0.117 
111.2 0.123 
125.5 0.123 
166.4 0.129 
179.8 0.128 
206.7 0.133 
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Fig. 6. Thermal conductivity of carbon 
dioxide 106° F. 


agreement is excellent. Keyes and San- 
dell (10) have recently measured val- 
ues of the thermal conductivity of ni- 
trogen at various temperatures and 
pressures. A comparison is shown in 
Table 3 of the Keyes and Sandell val- 
ues, obtained by their extrapolation of 
the data, with the values obtained in 
this investigation. 

Results for other gases are shown in 
Tables 4-9. The precision of the meas- 
urements is believed to be 114% at low 
values of thermal conductivity, but is 


CONVECTION ZONE 


CARBON 
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Fig. 7. Tendency of carbon dioxide and 

nitrogen to undergo convection as 

measured by Grashof and Prandtl num- 
ber product. 
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less at higher values due to lower pre- 
cision in measuring the resulting smaller 
temperature difference across the gas 
layer. A steady increase of thermal con- 
ductivity with increase in pressure oc- 
curred except that with carbon dioxide 


TAELE 8 


and ethylene the increase was much 
more rapid at pressures just above the 
critical pressure. The variation of the 
conductivity of carbon dioxide as a func- 
tion of pressure is shown in Figure 6. 

As a means of determining whether 


THERMAL CONDUCTIVITY OF ETHYLENE 


Temperature 


106 


TABLE 9 


THERMAL CONDUCTIVITY 

Temperature Pressure 
°F 


106 1.0 


Atmospheres 


Thermal Conductivity 
—Btu/hr. ft, 


0.0559 


0.0148 
0.0157 
0.0181 
0.0194 
0.0251 
0.0284 
0.0341 
0.0403 
0.0463 
0.0488 


OF CARBON DIOXIDE 


Thermal Conductivity 
Btu/hr. ft. ° F. 


0.0104 
0.0112 
0.0129 
0.0155 
0.0248 
0.0371 
0.0444 
0.0467 
0.0490 
0.0529 
0.0571 
0.0614 


0.0111 
0.0123 
0.0142 
0.0154 
0.0163 
0.0274 
©,0370 
0.0447 
0.0500 
0.0515 


0.0116 
0.0125 


o3e 
Atmospheres 
02 = 1.0 0.0128 
19.3 0.0139 
4 41.4 0.0160 
ova i 59.4 0.0196 
62.5 0.0306 
103.0 0.0381 
123.1 0.0421 
145.0 0.0459 
176.9 0.0511 
208.0 
153 1.0 
21.4 
49.8 
61.9 
68.1 
103.3 
129.6 
161.0 
203.3 
226 
| 
21.3 
44.6 
60.8 
2 79.3 
86.3 
101.0 
110.2 
122.1 
152.1 
205.3 
; 56.2 
65.8 
79.4 
| 103.9 
120.0 
150.9 
190.5 
201.5 
} 
ae 153 1.0 
|| 49.8 
87.2 010185 
67.2 0.0155 
61.5 0.0178 
101.5 0.0224 
120.2 0.0283 I, 
143.8 0.0360 
186.4 0.0448 
200.1 0.0462 
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convection was present a series of meas- 
urements was made at various tempera- 
ture differences across the test gas layer. 


If convection was absent the resulting 


measured value of thermal conductivity 
would be independent of the tempera- 
ture difference. Measurements 
made at three over-all temperature dif- 
ferences (corresponding to Z,—Z,) 
namely, 16° F., 20° F., and 5.33° F. 
Measurements taken with a 16° differ- 
ence constituted the bulk of the data, and 
these are listed as the results obtained 
with normal At in Tables 3-9. The 20 
F. and 5.33° F. measurements were 
made to check for convection and within 
the limits of experimental error it was 
found that the measured values of ther- 
mal conductivity were independent of 
temperature difference. These values are 
shown in Figure 6. 

As a second means of testing for con- 
vection, values of the Grashof and 
Prandtl numbers were computed, taking 
into account the nonideality of the gases 
at high pressure. In general the value 
of Gr.Pr. increased rapidly with pres- 
sure. For the gases which were rela- 
tively close to the critical state the value 
of Gr.Pr. was found to reach a maxi- 
mum at a pressure somewhat above the 

) critical pressure. The sharpness of the 
: maximum was more marked the closer 
the critical temperature was approached. 
| In the case of carbon dioxide the gas 
) approached closely to the conditions of 
} incipient convection, and it was evident 
that an attempt to approach closer to 
| the critical temperature would have re- 
sulted in convection. The variation of 
the Gr.Pr. product with pressure for 
‘carbon dioxide and nitrogen is shown on 
Figure 7. In no case was a value of 
Gr.Pr. found to be higher than 600. 

A further test was made on that sec- 
tion of the data which was obtained un- 
der conditions of incipient convection. 
At 106° F. and 105 atm., a number 
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THERMAL CONDUCTIVITY 
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ACROSS GAS GAP, °F 


Fig. 8. Apparent thermal conductivity 
as measured increases abruptly when 
convection sets in. 
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were 


of measurements were made on carbon 
dioxide at temperature differences rang- 
ing from one third to twice the normal 
temperature difference. The apparent 
thermal conductivity is shown as a func- 
tion of this AT in Figure 8 The onset 
of convection is marked by the increase 
in apparent thermal conductivity. Be- 
low a critical Gr.Pr. number of 760 
the measured value of thermal conduc- 
tivity was found to be independent of 
temperature difference. Above 760, the 
value of the apparent thermal conduc- 
tivity increased with increasing tem- 
perature difference. This critical value 
of 760 should not be considered precise 
because of the difficulty of evaluating the 
properties of the gas near the critical 
temperature and pressure. It does, how- 
ever, indicate the applicability of the 
Kraussold relation at high pressures. 
These latter tests also indicated that 
convection could be identified when 
present and served to establish the lim- 
its of the apparatus in this respect. 


Correlation of Results 


The thermal conductivity ratio has 
been plotted against the reduced pres- 
sure for various reduced temperatures 
on Figure 9. The thermal conductivity 
ratio as predicted by the Comings and 
Nathan (2) correlation is shown by the 


O— CARBON DIOXIDE 
— ETHYLENE 
@ — METHANE 


O— ARGON 
NITROGEN 


THERMAL CONDUCTIVITY RATIO 


curved lines. The arrow indicates the 
correlation curve with which a given 
group of data is to be compared. 

The correlation fits the nitrogen re- 
sults well with a maximum difference of 
3%% at 200 atm. The correlation is 
low for argon and equally high for me- 
thane. 
age value when different gases are con- 
sidered. At reduced pressures greater 
than 2, it tends to predict low values for 


In general, it predicts an aver- 


carbon dioxide and high values for ethy- 
lene. In the region near the critical it 
predicts low values, by as much as 20%. 
This is attributed to the fact that the 
curves were based on scanty data in 
The curves dotted 
that reliance should not 
be placed on the correlation in this re- 
gion. In summary the Comings and 
Nathan correlation fits the data with an 
average discrepancy of 4%. In the re- 
gion of the critical, it gives values that 
are low by as much as 20%. 

M. F. Nathan constructed and tested 
two preliminary designs of thermal con- 
ductivity cell utilizing dual annular lay 
ers of fluid with known and unknown 
thermal conductivity and proposed the 
addition or removal of heat at the ends 
of the cylinder to correct for heat flow 
in these regions. The investigation was 
carried out under a fellowship provided 
by the Pan American Refining Corp 


this region. 
lines 


were 
to show 


REDUCED PRESSURE 


Fig. 9. Comparison of measured values of thermal conductivity with correlation 
by Comings and Nathan. 
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Notation 


area across which heat is be- 
ing transferred, sq.ft. 


=area of heat interchange 


across outer layer of gas, 
sq.ft. 

a constant thermal resistance, 
(hr.) (° F.) /B.t.u. 

modulus of elasticity of steel 

function of radiation heat 
transfer across outer gas 
layer 


= function of radiation heat 


transfer across inner gas 
layer 


= Grashof number 


= thermal conductivity, B.t.u./ 


(hr.) (ft.) (° F.) 
= apparent thermal conductivity 
including convection, B.t.u 
/(hr.) (ft.) (° 


= thermal conductivity of gas 


at 1 atm, B.tu./(hr.) 
(it.)(° F.) 


= pressure, atm. 


Prandtl number 


heat transfer through gas by 
conduction, B.t.u./hr. 


= heat transferred across outer 


layer of thermal resis- 
tances, B.t.u./hr. 
heat transferred through gas 
by radiation, B.t.u./hr. 
heat transferred by radiation 
and conduction, B.t.u./hr. 
heat transferred across inner 
layer of thermal resistances, 


B.t.u./hr. 


resistance to heat flow by con- 
duction (hr.) (° F.) /B.t.u. 


= resistance to heat flow by 


conduction across outer gas 
layer, (hr.)(° F.) /B.t.u. 

resistance to heat flow of 
metal walls of outer ther- 
mal resistance, (hr.)(° F.) 
/B.t.u. 

resistance to heat flow by con- 
duction of inner gas layer, 
(hr.) (° F.) /B.t.u. 

resistance to heat flow of 
metal walls of inner ther- 
mal resistance, (hr.)(° F.) 
/B.tu. 

ratio of inner to outer tem- 
perature difference when 
the gas in the inner layer 
has zero thermal resistance 


= ratio of inner to outer layer 


temperature differences 


= radius of the inner wall of a 


cylinder, in. 
radius of the outer wall of a 
cylinder, in. 
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temperature of hotter wall 
surface, © R. 


= temperature of hotter wall 


surface facing the outer 
gas layer, ° R. 

temperature of cooler wall 
surface facing the outer 
gas layer, ° R. 


= temperature of cooler wall 


surface, © R. 


= temperature, ° F. 


temperature of central steel 
tube when ty = ¢,, ° F. 


= temperature of one end of 


apparatus, central tube, ° F 


= temperature of central tube 


at the middle section, ° F. 


= Poisson's ratio 


=width of the inner gas 


layer, ft. 


= thermocouple No. 1 (sce Fig. 


2) 


= thermocouple No. 2 


thermocouple No. 3 


constant in calibration equa- 
tion, = 

constant in calibration equa- 
tion 

constant in calibration equa- 
tion, = 

constant representing thermal 
resistance of inner layer 
other than that of the test 
gas 

e.m.f. difference across outer 
thermal resistance, mv. 


= e.m.f. difference across inner 


thermal resistance, mv. 


temperature difference across 
outer gas layer, ° F. 


= temperature difference across 


metal walls and discontin- 
uity of outer thermal re- 
sistance, ° F, 


= temperature difference across 


inner gas layer, ° F. 


= temperature difference across 


metal walls and discontin- 
uity of inner thermal re- 
sistance, ° F. 


= temperature difference across 


outer thermal resistance, 

temperature difference across 
inner thermal resistance, 

change in width of inner gas 
layer, ft. 


= emissivity factor 
= over-all function of radiation 


heat transfer 


= function of radiation 
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constant arbitrarily as- 
signed, in conjunction with +r 
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Discussion 


Donald K. Katz ( University of Michi- 
gan, Ann Arbor, Mich.) Has a correla- 
tion of thermal conductivity been tried 
which employs the volumes of the vari- 
ous fluids? 


J. M. Lenoir: If the thermal conduc- 
tivity values are plotted against specific 
volume instead of pressure a smooth 
curve results which does not show a 
pronounced hump in the region of the 
critical pressure. The data were 
plotted against pressure both to indicate 
the rapid change of thermal conductiv- 
ity with pressure around the critical re- 
gion and also for simplicity in using the 
graphs. 


Anonymous: Has any work been 
done in connection with thermal con- 
ductivity of gas mixtures? 


J. M. Lenoir: No. 


(Presented at Forty-second Annual 
Meeting, Pittsburgh, Pa.) 
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DETERMINATION OF LIQUID-FILM 
ABSORPTION COEFFICIENTS 


A New Type of Column and Its Application to Problems of 
Absorption in Presence of Chemical Reaction 


E. J. STEPHENS and G. A. MORRIS 


Imperial Chemical Industries Limited, Widnes (Lancs.), England 


A new type of laboratory absorption column is described which is suit- 
able for the determination of liquid-film matter transfer coefficients when, 
as is frequently the case, reliable data on rates of diffusion are not avail- 
able. This gives results for physical solution similar to those obtained 
in packed towers. If, therefore, the relative performance of the labora- 
tory column and various packings is established first for a known system 
(such as carbon dioxide-water) it is possible to predict the liquid-film 
coefficient for other systems with these packings by means of laboratory 
experiments. This procedure has the advantage of avoiding use of large 
quantities of gas and liquid necessary for experiments on a semitechni- 
cal scale. It is particularly convenient when it is required to determine 
absorption coefficients for systems which involve chemical reaction in 
the liquid. 


An account is given of experiments on the absorption of chlorine from 
mixtures with air into an aqueous liquor containing ferrous and ferric 
chlorides (initial composition 23.5 lb. FeCl./cu.ft.; final composition 
28.7 Ib. FeCl, /cu.ft. using this type of column. A correlation is presented 
covering the effects of liquid rate, concentration of unconverted ferrous 
chloride, and partial pressure of chlorine in the gas. It is shown that the 
results are consistent with the assumptions that a rapid reaction takes 
place in a narrow zone within the liquid film, and the rate of absorption 
is controlled by the rates of diffusion of the reactants. 


HEN a packed tower has to be 
designed for a new process involv- 


complicated, and data for use in calcu- 
lations are rarely available. It is neces- 
ing absorption or stripping it is fre- sary therefore in many cases to deter- 
quently impossible to calculate the mat- mine absorption coefficients experimen- 
ter transfer coefficient theoretically, un- tally. 


less it is known that the rate of transfer 
is controlled by the gas film. If the 
liquid-film resistance is important, pre- 
diction of the coefficient for physical 
solution may be prevented by lack of 
knowledge of the rate of diffusion in 
solution: and if a chemical reaction 
occurs in solution the process is more 


Nore: Complete Tables 1, 2, 3 and 7 are 
on file (Document 3127) with American 
Documentation Institute, 1719 N Street, 
N.W., Washington, D. C. Obtainable by 
remitting $1.00 for a microfilm and $2.85 
for photocopies. 
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Now if the experiments are performed 
on a semitechnical scale with the actual 
packing it is proposed to use in the 
final design, the quantities of gas and 
liquid required will generally be large 
and in some circumstances may be pro- 
hibitive. There is therefore a need for 
laboratory scale equipment which will 
give results that can be simply related 
to those obtained with full-scale pack- 
ings. Suitable apparatus has been de- 
veloped in recent years in the engineer- 
ing research departments of Imperial 
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Chemical Industries, Ltd., at Billingham 
and Widnes; a description of this, to- 
gether with its application to a problem 
of absorption in the presence of chem- 
ical reaction, forms the subject of this 
paper. 


Part 1. Development of Labora- 
tory Absorption Column 


Historical. The simplest laboratory 
apparatus for the study of matter trans- 
fer between a gas and a falling film of 
liquid is the wetted-wall column. This 
has been successfully used in the study 
of systems for which the rate of trans- 
fer is controlled by the gas film, such 
as evaporation of liquids into a stream 
of air (4) and distillation (7); results 
obtained can be correlated by analogy 
with the related process ot heat transfer 
in straight pipes. The conditions exist- 
ing in the falling film of liquid are more 
complicated, however, since the range 
of liquid rates of practical interest cor- 
responds to Reynolds numbers (41 /p) 
between 20 and 100; in this region flow 
is theoretically streamline but is compli- 
cated by ripple formation at the liquid 
surface (5). Attempts to correlate the 
results of determinations of liquid-film 
coefficients using wetted-wall columns 
were unsuccessful; moreover the co- 
efficients were not independent of the 
length of the column. 

It was decided therefore to develop a 
column in which the film of liquid was 
interrupted at short intervals during its 
descent, thus simulating the conditions 
of flow over a packing. 


The first experiments on these lines were 
done with notched wetted-wall columns 
constructed from short thick-walled cylin- 
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drical sections of tube in series; the lower 
end of each section was har sy so as to 
form a notch about % in. deep. Columns 
were constructed with sattes 1 in. and 
4 in. apart respectively, and it was found 
that the effect of the column length on the 
liquid-film coefficient was satisfactorily 
eliminated. This type of column was, how- 
ever, open to several objections of which 
the most important were: 


a. The limiting gas velocity was substan- 
tially lower than for a normal wetted- 
wall column, being less than 5 ft./sec. 
at high liquid rates for a column %-in. 
diameter with 1-in. pitch notches. 
The gas-film coefficient was increased 
by the roughness effect produced by 
variation of the thickness of the liquid 
film in the neighborhood of the 
notches. It was considered that with 
columns of small diameter this effect 
would vary with the physical proper- 
ties of the liquid, so that prediction of 
the gas-film coefficient would be in- 
accurate. 


The modified wetted-wall column was 
therefore abandoned in favor of a new type 
ot apparatus in which the liquid was caused 
to flow over a series of discs arranged in 
a single vertical row, with alternate discs 
at right angles. This arrangement can be 
regarded as roughly equivalent to a grid 
packing with a single element in each 
course. It has been found to give results 
for carbon dioxide absorption in water 
which are independent of the length of the 
column, and which can be related simply 
to the performance of packed towers on the 
same system. It has therefore been adopted 
in Imperial Chemical Industries (1.C.1.) 
as a standard laboratory column for deter- 
mination of liquid-film coefficients, as 
described below 


General Description of the Dise Column. 
The standard form of the disc column con- 
sists of a suitable number (20-50) of discs 
of metal or unglazed ceramic material of 
low porosity, enclosed in a glass tube of 
about 2.5-cm. bore. The standard dimen- 
sions for the discs are 1.45- to 1.5-cm. 
diameter and 0.44- to 0.46-cm. thickness. 
The discs are threaded edgewise on a ver- 
tical wire (16 s.w.g. or about 1.6-mm 
diameter), and successive discs are main- 
tained at right angles by means of a suit- 
able cement. 

The general arrangement is shown in 
Figure 1. The liquid is fed, after metering, 
through a tube which terminates in a jet 
through which the supporting wire passes, 
and liquid is removed by a central tube and 
small funnel under the lowest disc, as 
shown. The distance between the element 
and the gas inlet should be as large as can 
be arranged, in order to provide a calming 
section for gas flow. It is important to 
that : 

The liquid feed jet is located 4 to 5 cm 
Pod. the uppermost disc. Greater distances 
tend to cause excessive splash, and if the 
distance is too small abnormal behavior has 
been observed in short columns—attributed 
to imperfect wetting of the first few discs. 

2. The feed tube is wide enough to pre- 
vent the formation of air locks—about 
8-mm. bore is satisfactory with water, with 
a jet of approximately 3-mm. diameter. The 
length of the tube and the jet size, however, 
may have to be adjusted to suit the liquid 
rate to be used and the pressure within the 
column. 

The tube used for removal of liquid 
is 10 mm. or over in bore, so as to avoid 
entrainment of gas. When running, the 
liquid level in this tube should be near the 
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upper end so that additional absorption sur- 
face is not provided by a film on the tube 
wall 

4. The gas inlet connections are of wide 
bore. This is important because long calm- 
ing sections are rarely practicable 

Provision is made at the base of the 
column for the removal of any liquid which 
collects there as a result of splash from the 
discs. This is normally small for water un- 
less liquid rates (referred to the mean 
perimeter of the wetted surface) exceeding 
400 Ib./(hr.) (ft.) are used. A modification 
in which the discs are located by means of 
shallow slots in their lower edges can 
used to reduce splash at these rates, but 
it is then difficult to obtain complete wet 
ting below 200 Ib./(hr.) (it.). For normal 
work the plain discs secured with a cement 
are preferred. 

The choice of materials for the discs and 
wire depends on the substances with which 
the column is to be used. For corrosive 
conditions ceramic discs supported by a 
Fiberglas thread have been satisfactorily 
employed. Glazed or polished surfaces are 
to be avoided as they are difficult to wet; 
for the same reason it is essential to free 
the apparatus from traces of grease before 
use. 


Characteristics of Disc 
sorption by Physical Solution. lf liquid- 
film coefficients for mew systems in 
packed towers are to be predicted by 
means of experiments with the disc column, 
it is necessary first to establish its charac- 


Column for Ab- 


DISTANCE BETWEEN JET ANO 
FIRST DISC TO BE 4-5 cm 


teristics for a system, such as carbon diox- 
ide-water, for which the necessary physical 
properties are known. 

In the development of the new column, 
experiments were made at Billingham and 
Widnes on the absorption of pure carbon 
dioxide in water, using discs which differed 
slightly from those subsequently adopted as 
standard. These showed that different in- 
stallations could vary in performance, at 
the same wetting rate, by about +10% ; but 
the differences could not be correlated with 
variations in the dimensions of the discs. 
Smaller variations may be expected be- 
tween different columns all constructed 
from the standard discs, but it is still con- 
sidered desirable to determine the charac 
teristics of individual columns before using 
them to investigate new absorption prob- 
lems. 

When the column is used with dilute gas 
mixtures the liquid-film coefficient has to 
be calculated from the observed over-all 
coefficient ; this requires a knowledge of the 
gas-film coefficient for the conditions of the 
experiment. The performance of the col- 
umn must therefore be known for at least 
one system for which absorption is sub- 
stantially controlled by the gas film. This 
will always have to be determined for indi- 
vidual columns, since cven with discs of 
standard dimensions conditions in the gas 
phase will be affected by the diameter of 
the outer tube. 

The behavior to be expected will now be 
illustrated by means of experimental re- 
sults obtained with the column used later 
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Fig. 1. Arrangement of disc absorption column. 
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Fig. 2. Outline of experimental apparatus. 
(For details of disc column see Fig. 1.) 


TABLE A 


Number of discs 

Dise diameter 

Dise thickness 

Tube diameter .. 

Mean perimeter for liquid flow 
Equivalent diameter for gas flow 
Free space (dry) 

Absorption surface * 


* Uncorrected for film thickness or for loss of surface at points of contact, 
as an approximation to the true liquid surface. 


tfor the work on absorption with chemical 
reaction. The sections comprise a general 


Mescription of the apparatus ; an account of 
experiments on absorption of pure carbon 
Mioxide in water, to establish the character- 
istics of the column with respect to the 
liquid film; and details of experiments on 
abs rption ‘of ammonia gas in water, from 
@ilute mixtures with air; which served to 
determine the characteristics of the column 
With respect to the gas film. 


o 


A. Description of Apparatus. An outline 
the apparatus used is shown in Figure 2. 


TABLE 


FOR THE ABSORPTION OF CARBON 


Water Temperature 
Water 


Rate In 
Tb. /hr.ft. 


1.—CHARACTERISTICS OF THE DISC COLUMN: 


(1.45 em.) 
(0.394 cm.) 
(2.51 em.) 


but used throughout 


Liquid was supplied from a constant head 
reservoir (1) to a flowmeter of the 
“niveau” type (2) with a variable working 
level and interchangeable jets, operated so 
that a small excess of liquid overflowed 
continuously. In this way the liquid rate 
was maintained at a steady value; the 
actual rate was, however, measured at the 
run-off from the column in each experi- 
ment. Liquid then entered the disc column 
(3) and was withdrawn at the base through 
an adjustable lute vessel (4). Liquid tem- 
peratures were measured in this vessel and 
in the meter (2). 


DIOXIDE IN 


Carbon Dioxide 
in Liquid 
ving, 
Tb./eu.ft. 


Carbon Dioxide 
Absorbed 
Tb./hr. 


40-Dise Column 


10-2 
10-2 


24-Dise Column 


‘10-2 
10-2 
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Air from compressed air supply and gas 
from cylinders were metered by capillary 
flowmeters (5) and (6) and the combined 
stream was mixed by passing through the 
empty vessel (7) before entering the col- 
umn. In the experiments with carbon 
dioxide alone the gas passed directly from 
flowmeter (6) to the column. 

The column used had an element sup- 
ported by a Fiberglas thread maintained 
under tension. The principal dimensions 
are shown in Table 4. 


B. Liquid-Film Coefficients. System Car- 
bon Dioxide-Water. Determinations were 
made over the range of liquid rates ! = 60 
— 400 Ib./(hr.) (it.) with the column just 
described and also with a shorter column 
of 24 discs (absorption surface 0.132 sq-ft.). 


1. Experimental Procedure. Distilled 
water was used. This was shown to be free 
from carbon dioxide within the accuracy oi 
the determinations. 

Carbon dioxide from cylinders was 
passed through the tower at about 10 cu.ft./ 
hr., a sufficient excess to ensure that air 
displaced from solution was rapidly re- 
moved from the column. The purity of the 
gas was tested from time to time, and 
allowance was made for traces of inerts 
and for variation in the atmospheric pres- 
sure when calculating the equilibrium con- 
centration in the water. The purity of the 
carbon dioxide was generally 999 or better. 

The liquid-film coefficient, equal in this 
case to the over-all coefficient, was calcu- 
lated from the mass of carbon dioxide 
absorbed (lb./hr.) and the log mean con- 
centration difference (lb./cu.it.) based on 
the differences between the equilibrium and 
actual concentrations of dissolved gas at 
the ends of the column. Liquid ,tempera- 
tures varied over the range 16-22° C., and 
the coefficients were corrected to a constant 
temperature of 20°C., by means of the 
relation « obtained by Sherwood 
and Holloway (11). 


2. Results. Results are given in Table 1 
and shown graphically in Figure 3 in the 
form of a plot of liquid-film coefficient at 
20° C., against the wetting rate I" (equal 
to the water flow rate in pounds per hour 
divided by the mean perimeter for liquid 
flow in feet). It will be seen that there 
is good agreement between the results for 
the two lengths of column, and that they 
are well correlated by the equation : 


ke = 0.048T°* tb./ (hr.) (sq.ft.) (Ib./cuft.) 
at 20°C (1) 


This is consistent with the dimensional 
equation obtained by Sherwood and Hol- 


LIQUID-FILM COEFFICIENTS 


WATER. 


Absorption Coefh-ient 
_b hr.ft.2 tb./ft.? 


Observed 


be 
Mt 
1 3. OISC COLUMN 
4. ADJUSTABLE LUTE VEss 
FOR LIQUID RUN-OFF 
GAS OISSOLVING GAS FLOWMETER 
ee 2 7. MIKING VESSEL 
B. WATER MANOMETERS 
KCESS 9. GAS SAMPLING POINTS 
IN OVERFLOW 
| 
3 
AIR IN | 
5 7 
6 
7 
4 GAS IN 
ours || | 
> 
8 
- 0.051 ft. 
{ 
i 
Rea Force Corrected 
Re. *C. Ib. /eu.ft. to 20° C, 
ae 
ae ‘ 162 20.2 19.9 7.55 X 2.26 x 10-8 5.95 X 10-9 1.72 1.72 
a 13 300 21.0 21.0 661 x 3.66 X 10-8 6.15 X 10% 2.70 2.65 
71 17.0 16.4 8.86 X 1.17 X 10-* 62 x 104 0.86 0.93 
baie ae 28 68 17.4 17.2 7.02 0.87 X 10-8 8.0 x 10-2 0.90 0.96 | 
35 363 15.8 15.8 4.99 3.33 X 10-2 93 2.72 3.00 
38 142 18.3 18.2 5.86 1.52 10-9 78 x 108 
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loway (11) from experiments with packed 
towers, which may be written in terms of 
coefficients on a surface area basis and 
the wetting rate I’ as: 


(-” ) a 
D “ pl) 

(2) 
where the value of (nm) was found to vary 
between 0.54 and 0.78 for different pack- 
ings, and a is a dimensional constant char- 
acteristic of the packing. 

Characteristics of the disc column with 
respect to the liquid film are therefore 
similar to those of packed towers. It thus 
becomes possible to predict the coefficient 
for a packed tower by means of laboratory 
scale experiments, provided that the rela- 
tion between the disc column and the pack- 
ing to be used has been determined with a 
known system such as carbon dioxide- 
water. 

It will be seen in Part 2 of this paper 
that in experiments with more viscous 
liquid the coefficient appears to depend on 
a lower power of I when the Reynolds 
number 4I°/u is less than about 60. (This 
effect is not observed with water because 
the value of I corresponding to Re = 60 
is only about 36 Ib./(hr.)(it.) at 20°C. 
which is outside the practicable range— 
being too low for complete wetting of the 
dises.) The practical consequence of this 
is that where determinations are required 
with liquids of viscosity greater than about 
2 cps. it will be advisable to avoid working 
at liquid rates for which 41°/a is much 
below 60. If this is not done there may 
be a risk of overestimating the coefficient 
to be expected in a packed tower. 

Assuming that a general equation of the 
type of Equation (2) can be applied to cal- 
culate the liquid-film coefficient for other 
conditions (in the absence of chemical re- 
action), then the constant a for the disc 
column can be evaluated from the above 
results. The resulting equation is: 


1 o( | \os 
D “ pD 


(3) 


This equation was used to correct for 
the liquid-film resistance in the experiments 
on absorption of ammonia described in the 
following section. 


C. Gas-Film Coefficients: System Am- 
monia-Air-W ater. In order to establish the 
characteristics of the column with respect 
to the gas film, over-all coefficients were 
determined for absorption of ammonia in 
water from dilute mixtures with air (con- 
taining 3-5% NH; by volume). From the 
results the gas-film coefficients were de- 
rived, using liquid-film coefficients calcu- 
lated from Equation (3) above 


1. Experimental Procedure. 
ratus outlined in Figure 2 was used, with 
the 40-disc column. The gas entering and 
leaving, and the liquid leaving the column 
were analyzed for ammonia. From these 
analyses a material balance was calculated 
for each run, and the result was rejected 
if the error exceeded 6%. In most of the 
experiments, balances within 2 to 3% were 
obtained. For calculating the over-all co- 
efficient, however, the quantity of ammonia 
absorbed was derived from the liquid 
analysis, since this was considered to be 
more accurate than the difference in the 
gas tests. 

The over-all coefficients (Ke) were ob- 
tained from the rate of absorption of am- 
monia and the log mean driving force in 


The appa- 
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Fig. 3. Characteristics of disc column: liquid-film coefficients for absorption of 


Fig. 4. Characteristics of disc column: effect of gas velocity on gas-film coefficient 


TABLE 


Run 
No. 


17 


19 
24 


2.—CHARACTERISTICS OF THE DISC COLUMN 


Gas * 


= O- ror 
| 
@ 40- . 
+ 
| 
60 400 


80 100 150200 
LIQUID RATE (48./ WR. FT. 


carbon dioxide in water. 
Values corrected to liquid temperature of 20° C. 


30 | -— 
T 
15 + 
| 
10 
CONSTANT TE 
4 236 LB /HR.| t) 
@| COUNTER - QURRENT FLOw. 
CO- CURRENT FLOW. 
6 


Velocity, 
ft./see. 
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5 2 3 8 
RELATIVE VELOCITY, (FT./SEC) 


for absorption of ammonia in water. 


Log Mean 
Relative Exit Liquid Driving Overall Gas Film 
Velocity, Composition Force Coefficient Coefficient 
ft./sec, tb. NHs/cu.ft. atm tb. /hr.ft*atm. tb. /br.ft.*atm. 
Counter current Flow 
10.45 0.3827 0.0273 23.8 27.0 
4.45 0.262 0.0360 144 15.5 
Co-Current Flow 
78 0.288 0.0283 20.1 2 
3.4 0.219 0.0355 12.2 13.0 


Constant liquid rate [ = 236 Ib./hr ft 


* The free space with liquid flowing was taken to be 86.5% at this liquid rate 


GAS-FILM COEFFICIENTS FOR 
ABSORPTION OF AMMONIA IN WATER, WITH VARIABLE GAS VELOCITY 


Material 
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80 100 150 200 
LIQUID RATE, (L8./HR.FT.) 


300 86400 


Fig. 5. Characteristics of disc column: effect of liquid rate on gas-film coefficient 
for absorption on ammonia in water. 


(Runs shown as crosses were made at higher gas velocities 
to provide a check on correlation.) 


terms of partial pressure. Liquid-film co- 
efficients were then calculated for a liquid 
temperature of 20° C. by means of Equation 
(3) (taking the diffusion coefficient for 
ammonia in water to be 7.9 « 10° (sq.ft./ 
hr.) and corrected for the mean liquid 
temperature by means of the temperature 
relationship of (11) as used in the work 
on carbon dioxide. Then, using the appro 
priate value of the Henry's law constant 
H, the gas-film coefficient was derived from 
the relation 


= 1/Ke — 1/Hki 


2. Results. Two series of experiments 
were carried out, in which the effect of gas 
velocity and liquid rate were examined. In 
the first series runs were made with both 
countercurrent and cocurrent flow, in order 
to establish whether it was necessary to 
allow for the velocity of the liquid surface. 
Results of the experiments with variable 
gas velocity are given in Table 2. It was 
found that the results for countercurrent 
and cocurrent flow could only be correlated 
by making an allowance for liquid surface 
velocity; an effective value equal to % of 
the theoretical for streamline flow on a 
vertical surface (the latter is approximately 
1.5 ft./sec. at the liquid rate used) enabled 
all the results to be correlated by a single 
line as shown in Figure 4 over the range 
of relative velocities from 3.6 to 10.8 ft./sec. 
Data on _ effect of liquid rate are given 
in Table 3 and shown in Figure 5. The 
relative velocity varied slightly during this 
Series, and all results were corrected to a 
Standard relative velocity of 8.4 ft./sec. by 
means of Figure 4. It will be seen that 
the gas-film coefficient at a given relative 
Welocity increases with liquid flow rate, 
approximately as I”. It could be seen 
plainly that the surface was fully wetted, 
at least for values of I above 95 !b./hr.ft.; 
and although the increase in film thickness 

with liquid rate gives a small! increase in 
interfacial area with this arrangement, this 
is not sufficient to explain the observed rise 
in the coefficient. Presumably there must 
be an increase also in gas turbulence re- 
sulting from greater disturbance produced 
by liquid flowing over the junctions between 
successive discs as the liquid rate is raised. 
Similar effects have been observed with 
packed towers, where they have usually 
been attributed to changes in the wetted 
surface; these results suggest that this is 
not the only factor involved 
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3. Application of Results to Other Gas 
Mixtures. It is seen from Figure 4 that 
the gas-film coefficient depends on the 0.67 
power of the relative velocity for values 
of v above 3.6 ft./sec., corresponding to a 
Reynolds number for gas flow (vdp/u) of 
about 1100. This is consistent with a gen 
eral correlation of the type —_— to 
wetted-wall columns (4, viz. 


(4) 


pD 


The value of n for the disc column used 
in this work was 0.33 

The constant 8 in Equation (4) may be 
deduced from the experimental results for 
ammonia absorption if a value is assumed 
for the index m which characterizes the 
effect of the group u/pl). The value 
m = 0.56 was selected, based on the data 
of Gilliland and Sherwood (4). 

For the conditions of the experiments, 
3-5% ammonia gas in air at approximately 
20° C., and 1 atm. abs. pressure. 


P = total pressure of gas 

pa = density of diffusing gas 

D = absolute 
monia in air 

u/pD = (dimensionless) 

fou = 

the film 

p = 

= 

Under the conditions common n to Figures 

4 and 5 (vw =84 it 3.02 10° 

it./hr. and I = 236 tb./(hr.)(it.) the 
mean value of the coefficient ke is 23.0 Ib 

(hr.) (sq.ft.) (atm.) 


sec. = 
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diffusion coefficient 


density of air at 20° C. and 1 atm. = 
viscosity of air at 20°C. and 1 atm 


AB OF THE 
COEFFICIENTS POR ABSORPTION OF 


Inserting these values in Equation (4) 
the value of the constant is found to be 
0.19. The coefficient, however, varies with 
liquid rate according to the relation 
ke x 

Gas- ‘aka coefficients for the disc column 
used can therefore be calculated by means 
of the equation: 


koP 


‘Pes 
(5) 


where 8 is a function of the liquid rate. In 
consistent (ft.-lb.) (hr.) units: 


= 0.093I"" 


Although it would be preferable to 
replace this function of [ by an appro- 
priate dimensionless group in Equation 
(5), and so avoid the use of a factor 
which varies with the units employed, 
the information at present available is 
not sufficient to enable this to be done. 


Part 2. Application of Disc Column 
to Study of Chlorine Absorp- 
tion in Solution of Ferrous 
and Ferric Chlorides 


Processes in which gas absorption is 
accompanied by chemical reaction with 
a constituent of the liquid are frequently 
employed. The mechanism of absorp- 
tion is one of physical solution followed 
by a reaction which may take place in 
a number of ways, as follows: 


At the liquid surface: rate of absorp- 
tion is then controlled by the gas film, 
and the coefficients can be readily cal- 
culated 

2. In a narrow zone within the liquid 
film: this mechanism applies when the 
reaction can take place rapidly com- 
pared with the rates of diffusion of 
reactants and products. Rate of ab- 
sorption is then controlled by diffusion 
in the liquid 


1 atm. 

0.044 Ib./cuft 

for am- 
0.787 sq.it./hr 


0.74 


mean partial pressure of inert gas in 


0.98 atm. 
0.075 Ib 
= 4.35 


(approx.) 
cu.ft 
10° Ib./(ft.) Chr.) 


3. During the diffusion of the dissolved 
gas through the liquid film: rate of 
absorption is then a function of both 
reaction velocity and rates of diffusion 


DISC COLUMN: GAS FILM 
AMMONIA IN WATER, 


WITH VARIABLE LIQUID RATE 


Log Mean 
Driving 
Force 


Relative 
Rate Velocity, 

Ib./hr.ft ft. / see. 
194 78 
360 8&6 
206 9 


Liquid Exit Liquid 
Composition 
lb. N Ha/ cu.ft atm 
0.516 
0.183 
0.286 


Relative velocity calculated assuming the velocity of the 
theoretical value for streamline flow on a vertical surface in 
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Gas Film Coefficient 
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Corrected to Material 
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4. In the main body of liquid: this occurs 
with slow reactions. With moderately 
slow reactions the concentration ot 
free dissolved gas then takes up a 
value such that its rate of removal 
by reaction is balanced by the rate of 
diffusion through the liquid film. If 
reaction is very slow the liquid al- 
ways may be practically saturated re- 
lative to the gas phase, and absorption 
is entirely controlled by the reaction 
velocity. 


Quantitative information for use in 
design of absorption equipment for these 
processes is still limited. Much of the 
early work was carried out on batch 
absorption through the surface of 
stirred liquid, and the results are not 
applicable to the design of other equip- 
ment such as packed towers. Data for 
absorption of sulfur dioxide in caustic 
soda solution has been obtained by 
Johnstone and Singh (8) but this proc- 
ess is largely controlled by the gas film. 
Extensive work has been reported on 
the absorption of carbon dioxide in 
alkaline solutions. Thus Payne and 
Dodge (9), Comstock and Dodge (1) 
and Furnas and Bellinger (3) have 
studied absorption of carbon dioxide in 
alkali carbonate-bicarbonate solutions ; 
coefficients for the carbon 
dioxide-alkali hydroxide solutions have 
been determined by Tepe and Dodge 
(12) and by van Krevelen and Hoftijzer 
(13) who also report data for ammon- 
iacal solutions. Finally, the absorption 
of carbon dioxide by diethanolamine 
solutions has been studied by Cryder 
and Maloney (2). 

A correlation of all these data for 
carbon dioxide absorption has been pro- 
posed by van Krevelen and Hoftijzer 
(14), based on a modification of the 
treatment originally worked out by 
Hatta (6) for absorption in stirred 
liquid; the mechanism is considered to 
be that for a reaction of moderate speed 
so that both reaction velocity and rates 
of diffusion affect the rate of absorption. 

These authors have also (14) pro- 
posed a general theory which, it is 
claimed, enables the rate of absorption 
to be calculated for any system for 
which the liquid-film coefficient for 
physical solutions and the reaction ve- 
locity constant are known. In many 
cases, however, these data are unlikely 
to be available. 

It is probable that the choice of 
systems for investigation has been lim- 
ited by the large quantities of gas and 
liquid required for experiments with 
packed towers and the attendant prob- 
lems of disposing of corrosive effluents. 
These difficulties are greatly reduced by 
the use of the new disc column. It was 
therefore decided to try out the column 
on a different system from those prev- 
iously investigated, and for this pur- 
pose the absorption of chlorine by solu- 
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Liquid-film coefficients for abso 


tion in ferric chloride solution 


(28.7 Ib./cu.ft.) 


TABLE 4 


Solubility (1b 


Partial Pressure 
15° 


0.080 7 
0.117 1 
0.15 4 
0.18 7 


* Below 0.4 atm 
+ Extrapolated 


and ferric chlorides 
This system was chosen 


tions of ferrous 
was selected. 
because : 


Process is relatively simple in that 
the reaction is irreversible and gives 
only one product. 

Analytical methods involved present 
little difficulty 

Materials are readily available. 

Some data previously had been ob- 
tained with a wetted-wall column, 
which served to indicate the type of 
behavior to be expected 


Apparatus and Experimental Procedure. 
The apparatus consisted essentially of the 
40-disc column described in Part 1 of this 
paper ; the general arrangement was shown 
in Figure 2. The air flowmeter was cali- 
brated, and the gas rate through the column 
was calculated from the air rate and the 
chlorine content of the gas. The chlorine 
flowmeter served only to ensure the main- 
tenance of a steady flow of the magnitude 
required to give the desired inlet gas com- 
position. 


The amount of chlorine absorbed was 
calculated from the liquid rate and the 
change in liquid composition. This in- 
volved a difference between two rela 
tively large values for the ferrous 
chloride concentration, and is only con 
sidered to be accurate to +10%. The 
change in gas composition was, how- 
ever, generally too low for a determina- 
tion based on gas analyses, and it was 
not possible to attempt material balances. 
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SOLUBILITY OF CHLORINE 
(28.7 Ib/e 


IN FERRIC CHLORIDE SOLUTION 
u.ft.) 


cu.ft.) 


20°C 25° 
0.069 
0.101 
0.13 
0.15 


0.059 
0.086 
0.13 


the solubility is linearly proportional to the partial pressure 


The over-all coefficient (Kg) was 
calculated from the rate of absorption 
and the mean chlorine partial pressure 
(?4) in atmospheres; there was no 
chlorine partial pressure in equilibrium 
with the liquid. 

The gas-film coefficient was calculated 
from Equation (5) (Part 1) and the 
value of the chlorine partial pressure 
(Pa) at the interface between the gas 
and liquid films was found by trial, such 
that Kop, = — Pas). The pro- 
portion of the over-all resistance due to 
the gas film was, however, always small, 
and the resulting values of ~,4, were ap- 
preciably different from p, only when 
using the most dilute gas mixtures. 

Determinations of the solubility of 
chlorine at various partial pressures in 
the ferric chloride liquor produced by 
the reaction showed that Henry’s law 
could be applied only up to a partial 


TABLE  5.—-VISCOSITY 
FERRIC 


OF FERROUS 
CHLORIDE LIQUOR 


Cone. of Residual 
Ferrous Chioride, cs 
(tb./eu.ft.) 


Viscosity at 
20° c 
(centipoises) 


fie, 28.7 tb 
ferric chloride) 


eu.ft 
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Fig. 7. Liquid-film coefficients for chlorine absorption in ferrous-ferric chloride 
solution: effect of liquid rate. 


TABLE 6.—-LIQUID-FILM COEFFICIENTS FOR PHYSICAL SOLUTION 
OF CHLORINE IN FERRIC CHLORIDE LIQUOR (28.7 Ib./cu-ft.) 


Liquid 
Rate, 
Ib. /hr.ft. 


Run 


TABLE 7.- 


SOLUTION 


Ratio of 
Mean Liquid Rate 
to Viscosity 


Run 
No, 


21.8 
14.6 


24.2 
18.5 


* The constants y and n are taken from t 


For T'/a>16, = 1.87 
For T'/a< 16, ¥ = 3.35 10 
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Mean Gas 
Composition 
Cle cas Ib./eu.ft. 


Liquid Film 
Coefficiert 
Ib. 


0.136 
0.119 
0.077 
0.228 


(INITIAL STRENGTH) 23.5 
Cone. of 
Dissolved 
Chlorine 
at the 
Interface 


Me ) 

of Unreactes Liquid Film 
Ferrous Coefficient 
Chloride 

tb./cu.ft. hr.ft.2 tb. /ft.* 


0.0351 
0.0309 


0.158 
0.159 


0.151 
0.0177 
0.0396 


0.0139 


0.0182 45 


rrelation of Fig. 6 for physical solution: 
6.7 


= 0.5 


Chemical 


Cone. Ratio 
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pressure of about 0.4 atm. In order to 
correlate results obtained with 100% 
chlorine gas, therefore, the liquid-film 
coefficient was finally calculated using 
as driving force the equilibrium concen- 
tration at the interface (c,4,) corre- 
sponding to the partial pressure p4,. The 
so‘ubility data used are given in Table 
4, obtained by smoothing graphically 
the experimental figures. It is not 
claimed that these are better than 5% 
accurate, but they were considered ade- 
quate in view of the +10% accuracy in 
determining the rate of absorption. 


Range of Experiments. The solution used 
contained initially 23.5 lb. of ferrous chlor- 
ide/cu.ft. with a trace of ferric chloride, 
and the corresponding fully chlorinated 
liquor contained 28.7 Ib. of ferric chloride/ 
cu.ft. (The density increases from 81.8 to 
84.3 Ib./cu.ft. and about 5% increase in 
volume occurs.) 

Viscosity of the liquor increased with 
conversion to ferric chloride. Values shown 
in Table 5 were determined at 20° C.; it 
was assumed that over the range of tem- 
peratures involved (14-25°C.) the varia- 
tion with temperature could be taken as 
similar to that of water. 


The experiments fall into two main 
classes: (1) determination of absorption 
coefficients for physical solution of 
chlorine in the ferric chloride solution 
(28.7 Ib./cu.ft.), and (2) determination 
of absorption coefficients for liquors 
containing unreacted ferrous chloride. 


1. Absorption Coefficients in Ferric 
Chloride Solution. These experiments were 
done with 100% chlorine gas in a similar 
manner to those on the calibration of the 
column with the carbon dioxide/water sys- 
tem. Liquid rates from = 85 tol = 520 
Ib./ (hr.) (ft.) were covered, corresponding 
to a range of Reynolds numbers (41°/u) of 
about 20 to 130. 


LIQUID-FILM COEFFICIENTS FOR CHLORINE ABSORPTION IN FERROUS/FERRIC CHLORIDE 
Ib. FeCle/cu.ft.) 


Enhancement 
Factor: 

( ki* 
Notes 
Series A. Effect 
of liquid rate, 
see Fig 
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Series B. Effect 
of liquid rate, 
see Fig. 7 

Series D. Effect 
of gas composi 
tion, see Fig. 9 


Series E. Effect 
of liquid com 
position (23- 
25% Cle), see 
Fig. 8. 

Series F. Effect 
of liquid com 
position (10% 
Ole), see Fig, 
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2. Absorption Coefficients in Presence of 
Chemical Reaction. The effect of the fol- 
lowing variables was investigated. 

a. Liquid Rate. Reynolds numbers cov- 
ered the range from 19 to 180 

b. Liquid Composition. Data were ob- 
tained at various stages in the conversion 
of the liquor from 23.5 Ib. of ferrous chlor- 
ide/cu.ft. to 28.7 Ib. of ferric chloride/cu. ft. 
The range covered was from 0.94 to 23.4 Ib. 
of unreacted ferrous chloride per cu-ft. 

c. Gas Composition. The gas composi- 
tion was varied from 3% to 100% chlorine 
by volume, at atmospheric pressure. 

Individual series of experiments were 
made to determine separately the effect of 
these variables, and finally a large number 
of miscellaneous experiments were made to 
provide a check on the correlation pro- 
posed. 


Results. 


1. Absorption Coefficients in Ferric 
Chloride Solution. (28.7 \b./cu.ft.) Results 


of the experiments on physical solution in . 


this ferric chloride solution are given in 
Table 6 and shown graphically in Figure 
7. in the form of a plot of kz against 
(T/a). Above I'/u = 16 approximately 
the results are consistent with those ob- 
tained in the calibration with the carbon 
dioxide-water system, ic, kia I" but 
below this value the coefficient appears to 
depend on a lower power of the liquid rate. 
Thus for 


> 16, ke = 1.87 x 10°(T/u)®" ft./hr. 
and for 
< 16, ki = 3.25 x ft./hr. 


It will be seen later that a similar effect 
was found in the experiments where chem- 
ical reaction occurred. 


2. Absorption Coefiicients in Solutions of 


Ferrous and Ferric Chloride. Results of 
the experiments are given in Table 7. The 
effects of liquid rate, concentration of fer- 
rous chloride in liquid (cs), and concen- 
tration of dissolved chlorine at the inter- 
face (cas) are shown in Figures 8-10. 

Figure 8 shows the effect of liquid rate 
in three series of experiments at approxi- 
mately constant gas and liquid composition. 
The lines shown were drawn on the as- 
sumption of a similar variation to that for 
physical solution (Fig. 6). It will be seen 
that this assumption is approximately cor- 
rect, although there is some uncertainty 
concerning the behavior at low Reynolds 
numbers. 

Figure 9 shows the effect of the ferrous 
chloride concentration (cs), (i.e. degree 
of conversion of the liquor), from two 
series at approximately. constant liquid 
rate; since the viscosity of the liquid in- 
creases with conversion to ferric chloride 
the results were corrected to a constant 
value of I'/u by means of Figure 6 before 
plotting. The coefficients are seen to de- 
pend on the 083 power of the ferrous 
chloride concentration. 

Figure 10 shows the effect of gas com- 
position, assuming that the liquid at the 
interface consists of a solution of chlorine 
in ferric chloride liquor, saturated with 
respect to the gas phase (with a small 
correction for the effect of the gas film, 
appreciable only for the most dilute gas 
mixtures). Direct correlation with the 
chlorine partial pressure was not possible 
on account of the deviations from Henry's 
law above 0.4 atm. These results show that 
the coefficients depend approximately on 
the inverse 0.81 power of the concentration 
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Fig. 8. Liquid-film coefficients for chlorine absorption in ferrous-ferric chloride 
solution. Effect of concentration of unreacted ferrous chloride (cs). 


of dissolved gas at the interface, cas, over 
the range 0.0156 to 0.156 Ib./cu.ft.; but 
there is evidence that the relationship 
breaks down for more dilute gas. 


Theoretical Discussion on Method of 
Correlation. Data plotted in Figures 8 
and 9 suggest that the liquid-film coeffi- 
cient is a function of the ratio cp/c4;; 
this is to be expected if a rapid irre- 


Hpa+ (Da/Daden 
“4 (4,/D,) + CH/ke) 


versible reaction occurs in a narrow 
zone within the liquid film and the 
rate of absorption is controlled by dif- 
fusion of the reactants. On this assump 
tion it has been shown by Sherwood 
(10) that when a gas A reacts with a 
substance B in solution the rate of ab- 
sorption is given, in terms of the ele- 
mentary two-film theory, by the equa- 
thon: 


Ib. moles /(hr.) (sq.ft. ) (6) 


CONSTANT LIQUID COMPOSITION 
Cg = 10-3 -10-748 FeCie/Curr. 
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Fig. 9. Liquid-film coefficients for chlorine absorption in ferrous-ferric chloride 
solution: effect of gas composition. 
Concentration of dissolved chlorine in ferric chloride solution at 
interface is used as variable, to eliminate deviations 
from Henry’s law. 
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where +, is the equivalent film thickness 
and D4, Dg are the absolute diffusion 
coefficients of reactants A and B in the 
liquid. 

In Equation (6) the term H/kg can 
be eliminated by substituting for Hp, 
the concentration c4, of dissolved gas 
(A) at the interface, so that the liquid 
film only is considered. Thus: 


or, dividing by the driving force, which 
is equal to c4, since there is assumed 
to be no free gas in the main body of 
the liquid: 


ky 


Now D,/*, is by definition equal to the 
liquid-film coefficient for physical solu- 
tion, so that Equation (7) can be written 
in the form 


hy = + | 


. Ib./(hr.) (sq. ft.) (Ib. /cu. ft.) 
(8) 


Ib. mole/(hr.) (sq.ft. ) 


where &k, is the coefficient for physical 
solution under similar conditions; and 


*L 


Dp 
Dy 


. Ib. mole/(hr.) (sq.ft.) (Ib. mole/cu.ft.) = Ib./(hr.) (sq.ft.) Ib. /cu.ft.) 


ky is the ratio of the diffusion coeffi- 
cients of A and B, when the concentra- 
tions are expressed on a molar basis. If 
the concentrations used are in Ib./cu.ft. 
as in the present work, ky involves also 
the ratio of the equivalent weights of 
the reactants. 

Equation (8) is derived from the ele- 
mentary two-film theory, which requires 
that for physical solution k; « D; and 
for liquid flowing over packings it is 
known that k, « D®5, If reaction 
occurs as assumed, therefore, the in- 
crease in the coefficient may not be lin- 
early proportional to the ratio cg/c4y 
but may be expected to be a simple 
function of this ratio. 

Now k, will be given by a dimen- 
sional expression of the form of Equa- 
tion (2): 


E. VARIABLE LIQUID COMPOSITION, 25% Clz 


S H. VARIABLE GAS ANDO LIQUID COMPOSITIONS 


J0% Cl2 GAS 
100% Cle Gas 


LOW VALUES OF 


NOTE: THE CORRELATION DOES NOT APPLY TO 
DILUTE GAS FOR WHICH <0-0125 L8/FT? 


6 8 10 20 
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400 GOO 1000 1500 


CONCENTRATION OF UNREACTED FERROUS CHLORIDE IN LIQUID 


CONCENTRATION OF DISSOLVED CHLORINE AT THE INTERFACE 
ig. 10. General correlation of experiments on effect of gas and liquid composition for absorption of chlorine in ferrous- 


ferric chloride solution. 


Notes: ca: = dissolved chlorine concentration at interface, assuming liquid here contains ferric chloride only 


(Ib./cu.ft.) 


es = concentration of ferrous chloride in the liquid (Ib./cu-ft.), (es = 0 for fully chlorinated liquid, 28.7 Ib. 
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This can be applied to the results of the 
chemical reaction experiments if allow- 
ance is made for the changes in physica! 
properties of the liquid as conversion 
from ferrous to ferric chloride pro- 
ceeds.- For this purpose it will be as- 
sumed as a first approximation that the 
diffusion coefficient is affected only by 
the viscosity of the liquid (since the 
range of absolute temperatures in the 
experiments is small and D« T/yp). 
Thus, since the density change is only 
of the order of 3%, the term (uD/p)°* 
is practically constant. A sufficient al- 
lowance for changes in both liquid rate 
and physical properties of the liquid is 
therefore provided by the term (I'/p). 

It is convenient to substitute for the 
group a.(uD/p)°* a factor so that 
in an equation of the type of Equation 


(8): 
ky = . . .ft./hr. 


The factor # can be evaluated from the 
experiments on physical solution in 
ferric chloride solution (Fig. 6) as 
follows: 


(a) When 

16,8 = 1.87> 
and 

(b) When 

< = 3.25 x 
and n = 0.5 


ft./hr. 


If therefore the assumption that ab- 
sorption is controlled by rates of dif- 
fusion is correct, a correlation of the 
results may be expected by plotting 
—1 (which represents 
the increase in coefficient due to the 
chemical reaction) against (¢g/C44), 
using these values of # and n. 


Correlation of Results. Results of six 
series of experiments in which the gas 
and liquid compositions were varied are 
plotted in the above-stated manner in 
Figure 10; runs are omitted for which 
C4; is less than 0.0125 Ib./cu.ft. (corre- 
sponding to about 7% chlorine in the 
gas at 20°C.) the results for which 
fall consistently low. A good correla- 
tion is obtained, the equation for which 
is: 


ky = + 
. Ib./(hr.) (sq. ft.) (Ib. /cu.ft.) 
(9) 
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Fig. 11. Effect of gas composition: data for dilute gas mixtures. 


To show deviation from general correlation when c.: is less 
than 0.0125 Ib./cu.ft. 
Ordinates represent increase in coefficient due to chemical 
reaction at constant liquid composition of 1 Ib. residual 
ferrous chloride/cu-ft. 


Deviations which occur with dilute 
gas mixtures are seen in Figure 11 
which has been constructed to show the 
effect of gas composition alone. The 
reason for this behavior is not under- 
stood. Theoretically the over-all coeffi 
cient should increase at low strength 
and high ferrous chloride content until 
absorption is limited by the gas film, 
but in these experiments the proportion 
of gas-film resistance was never more 
than a few per cent and this was al- 
lowed for in calculating the liquid-film 
coefficients. 

As a further check on the correlation 
results of the experiments on the effect 


of liquid rate (Figs. 6 and 7) are shown 
in Figure 12 in the form of a plot of 
k,/(1 + against T/p 

It is seen that the results of the three 
series with chemical reaction (Fig. 7) 
and those for physical solution (Fig. 6) 
are satisfactorily correlated. 


Limitations of the Correlation. Ex- 
perimental results reported here cannot 
be used to predict the coefficients for 
weaker liquors of substantially lower 
viscosity. A few experiments have been 
made with a liquor containing initially 
5.4 Ib./cu.ft. of ferrous chloride (end 
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Fig. 12. General correlation of experiments on effect of liquid rate at various gas 


and liquid compositions. 


Chemical Engineering Progress 


Page 241 


7 te LINE OF GENERAL CORRELATIO 
S 15 on 
BR 
| 
10 
| 
RFACE (| 
0-2 ft./hr. | 
2 J 
: = ls 
4 
oc 
| 
0-0 
| 
= 


product 6.8 Ib./cu.ft. of ferric chloride), 
from which it appears that: 


1. Effect of liquid rate is negligible ex- 
cept at high degrees of conversion. 

2. Coefficients increase with ferrous 
chloride concentration but do not de- 
pend on gas composition. 


These results suggest that at the lower 
viscosity of these liquors (about 1.3-1.6 cps. 
at 20°C.) the reaction velocity can no 
longer be regarded as high compared with 
the diffusion rates of the reactants. 


Conclusions 


A new form of laboratory absorption 
column has been devised which has liquid- 
film characteristics similar to those of 
packed towers. It has been satisfactorily 
employed for the investigation of an ab- 
sorption process involving chemical re- 
action. 

It has been established that the absorption 
of chlorine in ferrous/ferric chloride solu- 
tion (initially containing 23.5 Ib. of ferrous 
chloride/cu.ft.) is controlled by the liquid 
film, and that the coefficients vary with 
liquid rate in the same way as for a 
physical solution process. Results are satis- 
factorily correlated on the assumption of a 
rapid reaction within the liquid film, the 
rate of absorption being controlled by the 
rates of diffusion of the reactants. 

The correlation should not, however, be 
applied to weaker liquors of substantially 
lower viscosity. 
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Notation 


= concentration of dissolved gas 
A at the gas /liquid interface, 
Ib. /cu. ft. 
= concentration of reactant B in 
solution, Ib. /cu.ft. 
absolute diffusion coefficient, 
sq.ft./hr. 
diffusion coefficient of A in 
liquid, sq.ft. /hr. 
diffusion coefficient of B in li- 
quid, sq.ft./hr . 
equivalent diameter 
flow, ft. 
Henry's law constant, lb./(cu. 
ft.) (atm.) 
= over-all absorption coefficient, 
Ib./ (hr. ) (sq.ft.) (atm. ) 
gas-film coefficient, Ib./(hr.) 
(sq. ft. ) (atm. ) 
liquid-film coefficient, Ib./(hr.) 
(sq.ft. Ib. /eu. ft. 
= total pressure, atm. 
partial pressure of dissolving 
gas A in the gas mixture, 
atm. 
= partial pressure of dissolving 
gas A at gas/liquid inter- 
face, atm. 


for gas 


= mean partial pressure of inert 
gas in gas film, atm. 
gas velocity relative to liquid 
surface, ft./sec. or ft./hr. 
= equivalent film thickness 
quid film), ft. 
empirical constant obtained by 
calibration of column, for 
liquid-film coefficient, ft.~? 
empirical factor obtained by 
calibration of column, for 
gas-film coefficient, — 
liquid flow rate per unit width 
of surface, Ib./(hr.) ( ft.) 
density of gas or liquid, Ib./ 


cu.ft. 
Ib./ 


= density 
cu.ft. 
viscosity of gas or liquid, Ib. 
mass /ft.hr. 
= empirical factor used in corre- 
lation of experiments on 
chlorine-ferrous chloride sys- 
tem, ft./hr 


(hi- 


of diffusing gas, 
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Discussion 


H. R. L. Streight (Canadian Indus- 
tries, Ltd., Montreal, Canada): The 
authors designed a standard laboratory 
absorption tower which will give stan 
dard results without end effects as 
found in a wetted-wall column. Has 
there been any check on the size of the 
elements used in the described tower and 
if not, will this tower be taken as a 
standard and its coefficients compared 
with those obtained from standard 
packed towers. Have any correlations 
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been made on the coefficients obtained 
under standard gas and liquid flows in 
the new tower compared with those ob- 
tained under similar conditions for 
standard packings ? 

G. A. Morris: We have not experi- 
mented at all with columns of this type 
with different-sized discs in them, but 
we have an extensive series of measure- 
ments on the carbon dioxide-water sys- 
tem for various commercial packings 
such as Raschig rings. We can use the 
results obtained on the laboratory col- 
umn to predict the performance of these 
packings, which usually differ from 
those of the laboratory column by a fac- 
tor in the range of 0.5 to l. As has 
been mentioned it is, of course, neces- 
sary for the most accurate knowledge 
to calibrate the actual laboratory column 
used. 

H. R. L. Streight: Could you amplify 
a little the meaning of the factor of 
0.5 to 1? 

G. A. Morris: The comparison is 
made at some fixed liquid rate, gamma. 
li the liquid-film coefficient is measured 
at a particular liquid rate in the labora- 
tory, then the coefficient for the same 
liquid rate on the packing will vary from 
practically the same value down to half 
the laboratory figure, depending on the 
characteristics of the packing. 

(Presented at Montreal 
Meeting.) 


(Que.) 


LETTER TO THE EDITOR 


NOTATION FOR LARGE AND 
SMALL NUMBERS 
Sir: 

I have read with interest Mr. Clegg’s 
article in the January, 1951, number of 
Chemical Engineering Progress and the 
letter of R. Edgeworth Johnstone in the 
March issue regarding an abbreviated 
notation for large and small numbers. 
Apparently there is a real need for an 
abbreviated notation. 

I have used a notation for the last 
thirty years which seems clearer than 
either of those proposed. It is not orig- 
inal with me but was picked up from 
one of the professors at M.LT. many 
years ago. | do not remember which 
one. 

To illustrate, 6.62 x 10-4 is written 
in my terminology as 6.72\—*. and 
4.2 X 10° is written as 4.8\3. The diag- 
onal line, placed so its center is approxi- 
mately level with the top of the numer- 
als, means “times 10 to the nth power.” 
In this notation, it is not necessary to 
memorize any details or rules regarding 
positive or negative signs. It is easily 
written and typed. 

Ernest D. Wilson 
Worcester, Mass 
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VAPOR-PHASE CATALYTIC ESTERIFICATION 
RATES 


R. A. BUCKLEY t and R. J. ALTPETER 


University of Wisconsin, Madison, Wisconsin 


An experimental investigation of reaction rates for the vapor-phase 
esterification of acetic acid and ethyl alcohol with a silica gel catalyst 
led to the conclusion that the reaction rate was limited by the rate at 
which acetic acid was activatedly adsorbed when the mole fraction of 
acetic acid in the feed was less than 0.7 at temperetures between 200° C. 
and 260° C. and under total pressures of 1 to 2.33 atms. The rate of 
adsorption of acetic acid was found to be dependent on the water content 


of the silica gel. 


Applying the methods of Hougen and Watson, a reaction rate equation 
was established based on these conclusions. A function having the form 
of an adsorption isotherm related the partial pressure of water vapor 
in the reacting stream to the total number of active sites available for 
reaction. It is probable that the active sites were actually adsorbed 
water molecules. The integrated rate equation correlated data taken 
over a wide range of feed compositions at three temperatures and under 


three pressures. 


The apparent over-all reaction velocity constant formed from the prod- 
uct of the effectiveness factor, reaction velocity constant for the activated 
adsorption of acetic acid and an equilibrium constant for the effect of 
water on the number of active sites, was found to be an approximately 
linear function of the reciprocal absolute temperature. 


HE homogeneous esterification of 

acetic acid with ethyl alcohol in the 
gas phase has been found by others 
(5,6) to proceed at negligible rates, 
but the reaction is catalyzed by silica 
gel (1,2), thoria on silica or alumina 
(3), as well as xerogels and aerogels 
(4). Metallic oxides have also been 
found to catalyze the esterification of 
ethyl alcohol with benzoic acid (13). 
The only appreciable side reaction oc- 
curring at temperatures below 300° C. 
is the association of acetic acid into 
double molecules, while at 300° C. the 
dehydration of alcohol begins to occur 
at measurable rates. 

Any reaction catalyzed by a solid sur- 
face must involve a sequence of steps 
including diffusion of reactants from 
the main gas stream up to the catalyst; 
diffusion into the pores of a porous 

t Present address : 
mington, Del. 


Du Pont Co. Wil- 


A table titled “Experimental Kesults.” 
with a corresponding notation is on file 
(Document 3182) with the American 
Documentation Institute, 1719 N Street, 
N.W., Washington, D. C. Material obtain- 
able by remitting $1.00 for a microfilm and 
$1.00 for photocopies. 
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catalyst; adsorption of at least one of 
the reactants; reaction on the catalyst 
surface, and desorption and diffusion of 
products into the main gas stream. The 
kinetics of many gas-phase reactions 
have been analyzed by assuming that 
one of these steps limits the reaction 
rate and that the rest proceed under 
equilibrium conditions. Methods for 
establishing the rate equation when the 
adsorption, desorption or surface re- 
action is rate-controlling have been 
advanced by Hougen and Watson (7). 
Transfer of products and reactants 
between the main stream and the exter- 
nal catalyst surface may be considered 
as mass transfer through a fluid film on 
the external surface of the catalyst in 
a flow system for which rates may be 
estimated using the correlation of mass- 
and heat-transfer numbers presented by 
Gamson, Thodos and Hougen (8) and 
by Wilke and Hougen (14). As yet, no 
general method has been developed for 
treating diffusion rates within the pore 
structure of a catalyst. However, for 
first-order reactions, Thiele’s modulus 
(12) may be used to estimate the efiect 
of diffusional gradients within the par- 
ticle on the rate. 
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The objectives of the work reported 
here were the determination of the rate- 
controlling step for the esterification 
reaction, if it existed, and establishment 
of a rate equation based on this step 
which would correlate experimental 
conversion data. 


Experimental Work. Experimental 
equipment was essentially that used by 
Hoerig, Hanson and Kowalke (6). A flow 
diagram of this equipment is presented in 
Figure 1. Liquid acetic acid and ethyl 
alcohol were pumped separately from cali- 
brated feed burettes with a Hills-McCanna 
proportionating pump into an electrically 
heated vaporizer-preheater where they 
were separately vaporized and the vapors 
brought up to operating temperatures. The 
vapors were conducted through heated 
lines to the bottom of the reactor where 
they were mixed. The reactor was a 6-ft. 
long, jacketed, 2-in. stainless steel pipe 
heated by circulating Dowtherm through 
the jacket. The lower 18 in. of the reactor 
were kept free of catalyst to permit final 
adjustment of the temperature of the re- 
action mixture. The catalyst, consisting of 
2431 g. (weight after 24 hrs. at 300° C.) 
of silica gel was supported on a perforated 
stainless steel plate. The product gases 
were condensed immediately in an _ ice- 
cooled stainless steel condenser. Heat input 
to the vaporizer and Dowtherm circulation 
system was controlled by micro switches 
operated by the expansion of silica rods in 
the aluminum block of the vaporizer and 
the jacket of the reactor. Temperatures 
were measured with chromel-alumel ther- 
mocouples located as shown in Figure 1. 

The acetic acid reactant contained 0.002% 
of water by weight and the alcohol 0.006% 
Water concentrations were determined by 
density measurement in both cases and in 
addition by titration with standard base for 
the acid. These checked closely the speci 
fications of both acid and alcohol. These 
concentrations result 1 in a mole fraction 
of water equal to 0.011 in an equimolal 
gas feed at the reactor entrance. Dilution 
of the feed was accomplished by adding 
water to the acid alone since this per- 
mitted closer determination of concentra 
tions by titration with standard base. 

Heated Dowtherm circulated 
through the jacket of the reactor until the 
operating temperature range was reached 
The temperature controller was then set to 
maintain the desired temperature as indi- 
cated by a thermocouple in the wall be- 
tween the reactor and the jacket. The 
feed pump was started and the feed rate 
set by determining the time necessary for 
50 ml. to be pumped from the burettes. 
For the next two hours, the unit was run 
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Fig. 1. Flow sheet of experimental unit. 


without sampling the product and frequent 
readings were taken of feed rate and tem- 
peratures in the system including the inlet 
and outlet of the bed of gel. The maximum 
variation in temperature observed over the 
bed depth was 2.0°C. The product was 
then sampled at 15-min. intervals until 
steady-state conditions had been reached 
as indicated by constancy of the analysis 
of three consecutive samples. About 4 hrs. 
were required to complete a run after the 
feed pump had been started 

The comparatively small temperature 
drop over the length of the reactor resulted 
from a low reaction rate, a small value 
of AH for the reaction and good heat 
transfer to the Dowtherm. The enthalpy 


TABLE 1. 


Temperature of feed solutions (* C.) 
Concentration of acid feed (wt. %) . 
Concentration of alcohol feed (wt. % 
Density of acid feed (g./mi.) .... 
Density of alcohol teed (g./ml.) 


Normality of standard sodium hydroxide solution . 


Volume of titrant per gram of product (ml.) 


Time required to pump 50 ml. of acid feed thr.) ; 
Time required to pump 50 ml. of alcohol feed oe ) 
) 


Reactor temperature (* 
Reactor pressure (atm. abs.) 

ass of catalyst (g.) .. 
Cross sectional area of reactor (sq.ft.) 
Molecular weight of acetic acid . 
Molecular weight of ethyl alcohol . 


Basis: One hour of operation 


G, moles of acid fed, Fa = (1485) (60.1) 


3 
G. of solid/mole of acid fed, W/F = — ee an 
50) 994) 
@. mole of alcohol fed, Fo = 


Moles of acid/mole of alcohol, R = 


(5.87) 


(50) (1.052) (.998) 


~(.1450) (46.1) 


change for one mole of acetic acid reacting, 
AH, was calculated using Equation (7). 


_ 9(aG/T) 


= —4176 cal./g. mole 


Analysis of the product consisted of de- 
termining its density and titrating the un- 
reacted acetic acid in a l-ml. sample at 
0° C. with 0.1 N sodium hydroxide. From 
the volumetric feed rate and density, the 
composition of the feed was determined 
and the percentage conversion of the alco- 
hol and acid calculated. A sample calcula 
tion is shown in Table 1. 


CALCULATIONS FOR RUN 84 


= 413 


= 5.8 


- = 1.001 


_(86.3) (1209) 


G. moles of unreacted acid/g. product = 


(50) ( 
AC 


52) 
) 


Weight of product, ¢. = 


(1000) 


= 0.00438 


(50) ( 791) 
(1450) 


= 627 


Moles of unreacted acid = (627) (.00438) = 2.74 


Fractional conversion of acid, 2 = — 


Mass velocity, Ib./(hr.) (sq.ft.), @ = 
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Runs at elevated pressures were made by 
inserting a manually controlled throttling 
valve in the discharge line between the 
reactor and condenser. Pressure was 
measured with a Bourdon gauge calibrated 
against a dead-weight tester and placed in 
the alcohol feed line between pump and 
vaporizer. 

Analysis of Initial Rate Data. It is 
convenient to represent kinetic data for 
a catalytic reaction by a series of curves 
representing conversion as a function of 
the reciprocal of the feed rate per unit 
weight of catalyst at constant temper- 
ature, pressure and feed composition. In 
Figures 5-9, the fractional conversion, 
x, of the limiting reactant is plotted 
against the reciprocal of the feed rate 
in gram moles of limiting reactant per 
gram of catalyst per hour, W/F. For 
an equimolal feed, it is immaterial 
which reactant is chosen as the basis for 
the curve. With coordinates defined in 
this fashion, the slope of these curves 
represents directly the reaction rate at 
which product is produced or reactant 
consumed in gram moles/(hr.) (gram of 
solid). By extrapolating these curves 
back to zero conversion (infinite space 
velocity) and studying the rates ob- 
tained by graphical differentiation at 
this point, it is frequently possible to 
draw some conclusions as to the nature 
of the reaction mechanism. Yang and 
Hougen (15) have discussed the analy- 
sis of initial rate data in detail. 

The poimts on each of the curves of 
Figure 6 were established by determin- 
ing the fractional conversion of acetic 
acid in an equimolal feed of acetic acid 
and ethyl alcohol with varying feed 
rates and constant catalyst mass, tem- 
perature (230° C.) and pressure (0.97, 
1.65 and 2.33 atms.). All the points of 
Figure 5 were established at a constant 
temperature of 230° C. and pressure of 
0.97 atms., but each curve represents 
a different mole ratio of reactants in 
the feed. Curves representing nominal 
ratios of 0.5, 1.0 and 2.0 moles of acetic 
acid to ethyl alcohol in the feed at 
230° C. and 0.97 atms. were established 
first. Examination of the initial rates 
obtained by graphical differentiation of 
these curves (Fig. 2) indicated a linear 
relationship between the initial reaction 
rate and the partial pressure of acetic 
acid in the feed gas. This could be 
explained readily by assuming the acti- 
vated adsorption of acetic acid to be the 
rate-controlling step, with the alcohol 
not adsorbed. 

It can be shown (9%) that the rate 
equation for activated adsorption of a 
reactant as the rate-controlling step 
where no adsorbed inerts are present is: 


r= 


(1) 
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where: 


r = reaction rate, gram moles/ 
(gram solid) (hr.) 

k, = reaction velocity constant 
for adsorption of acetic 
acid 

L=number of active 
gram moles/gram 

a = activities of acid (A), alco- 
hol (B), water (R), and 
ester (S) at the gas solid 
interface based on unit 
fugacity 


sites, 


K,,Ky 
Kp, k= = adsorption equilibrium con- 
stants for acetic acid, 
ethyl alcohol, water and 
ester respectively 
K = equilibrium constant for the 
homogeneous reaction 
E = effectiveness factor 


lf Equation (1) is applied to the initial 
rates when the amount of ester and 
water in the feed is negligible, the initial 
rate, To, becomes : 


_ (ERAL 


= 
1 +Kpapo 


If it is further assumed that the alcohol 
reacts with adsorbed acetic acid by im- 
pact without adsorption itself, the 
initial rate becomes a linear function of 
the acetic acid activity at the interface: 


ro = (Ek4L)ago = (ER4L) Pao 
(3) 


The factor (Ek,L) is a constant at a 
fixed temperature and for a fixed par- 
ticle size of the solid. Although the 
activities of Equation (1) are to be 
taken at the gas-solid interface, they 
are essentially equal to the main stream 
values. This point is discussed later. 
This linear dependence is in contrast 
with the effect observed with catalytic 
reactions in which the rate of surface 
reaction is controlling or with homog- 
eneous second-order gas reactions where 
a maximum in the initial rate is ob- 
served with an approximately equimolal 
mixture. 

The effect of pressure on the initial 
rate for an equimolal mixture was 
further evidence for activated adsorp- 
tion being the rate-controlling step. At 
low pressures, the activity of acetic acid 
neglecting the slight effects of associa- 
tion is approximately : 


a, = 
where: 


N, = mole fraction of acetic acid in 


the gas phase 
P = total pressure, atms. 


Applying Equation (1) to an equimolal 
feed assuming alcohol not to be ad- 
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Fig. 2. Effect of feed composition on initial rate of reaction under a constant total 


pressure of 0.97 atm. at 230° C 


No water was added to the feed. The curve is a 


plot of Eq. (5). 


sorbed leads to the following expression 
for initial rate: 


= 0.5(Ek,L)P (4) 


This linear equation correlates the data 
of Figure 3. 

It is apparent that the activated ad- 
sorption of one of the reactants cannot 
be rate-controlling over the whole range 
of reactant feed ratios, since increasing 
the concentration of the rate-controlling 
reactant must ultimately result in some 
other step becoming rate-controlling. In 
order to determine the range over which 
an activated adsorption rate-controlling 
mechanism could be assumed to apply, 
conversion curves consisting of two 
points at low values of W/F were 
established at acid-to-alcohol ratios of 


greater than 2 to 1. Initial rates ob- 
tained by graphical differentiation were 
plotted on Figure 2. These data indi- 
cated no shift in mechanism occurred 
until a mole fraction of 0.7 of acetic 
acid in the feed was reached. Since 
mole fractions higher than 0.7 are out 
of the practical range of economic in- 
terest, no attempt was made to correlate 
these data. 


Effect of Water in Feed. Unless 
water or ester is introduced in the feed, 
the concentration of these two compo- 
nents will be identical in the reacting 
stream under steady-state conditions. 
To evaluate separately the constants Kp 
and Kg in Equation (1), it was neces- 
sary to get at least one conversion curve 
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Fig. . Effect of total pressure on initial rate of reaction for an equimolal feed at 


30° C. No water was added to the feed. The curve is a plo 
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plot of Eq. (5). 
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Fig. 4. Effect of addition of water to the feed on initial rate of reaction at a constant 

total pressure of 0.97 atm. at 230°C. The feed was equimolal with respect to acid 

and alcohol, but concentration of these two components was reduced as water was 
added to the feed. The curve is a plot of Eq. (5). 


with water introduced in the feed in 
order to vary independently the activi- 
ties of the two products. It was found 
that the addition of one mole of water 
per mole of acetic acid in an equimolal 
feed resulted in a sharp increase in the 
initial rate of reaction. In order to 
isolate the effect of water on the re- 
action rate, a series of conversion curves 
(Fig. 7) was established with varying 
amounts of water in an equimolal feed 
of acid and alcohol at 230° C. and 0.97 
atms. The initial rates obtained are 
plotted in Figure 4. 

Figure 4 indicates that small amounts 
of water markedly affect catalyst activ- 
ity. This effect has been observed also 
with hydrocarbon reactions involving 
gel catalysts. In the case of the esterifi- 
cation reaction, an additional complica- 


tion was present since water was formed 
by the reaction which led to varying 
catalyst activities through the catalyst 
bed. 


Correlation of Initial Rate Data. As 
a step in the establishment of a rate 
equation which could be integrated to 
give the conversion curves of Figures 
5-9, a correlation of the initial rate data 
of Figures 2-4 was developed. On the 
hypothesis that the number of active 
sites on the catalyst was a function of 
the amount of water adsorbed and that 
adsorption equilibrium existed with 
respect to water, it was thought that the 
term L in Equation (1) might be re 
placed by a Langmuir or Freundlich 
adsorption isotherm for water. This 
proved to be the case, and a satisfactory 
correlation was obtained when L was 


R=» MOLES HAc PER MOLE 
ALCOHOL IN FEED 


800 1200 


2000 2400 


Fig. 5. Conversion curves at 230° C. under a total pressure of 0.97 atm. Water was 
not introduced into feed. Data for an equimolal feed under these conditions appears 
in Fig. 6 also. Curves shown result from the numerical integration of Eq. (6). 
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taken as proportional to (agg)°**. The 
curves of Figures 2-4 are a plot of: 


To = (5) 
where : 


L= 
Ek,m = 26.6 X 10-* at 230° C. 
m = constant 


It should be emphasized that the con- 
clusions arrived at in this paper are 
based on the correlation of the integral 
conversion data and not on this correla- 
tion of the initial rate data (Eq. (5)) 
which was established only as a guide 
for selecting the form of the final corre- 
lation. 

The work of Pearce and Alvarado 
(11) on the adsorption of water, ethyl 
alcohol, acetic acid and ethyl acetate on 
aluminum oxide provides additional 
support for the reaction mechanisin 
proposed here. In establishing the indi- 
vidual equilibrium adsorption isotherms 
of each of the components, they were 
able to get reproducible results with all 
but the acetic acid, Repeated trials on 
one sample of adsorbent resulted in 
decreasing amounts of acetic acid ad- 
sorbed as the moisture content of the 
adsorbent was progressively reduced 
li, as the reaction rate data indicate, 
the adsorption of acetic acid is the rate- 
controlling step, Pearce and Alvarado’s 
results would lead one to expect an 
increase in the reaction rate as the 
partial pressure of water in the reaction 
stream is increased. This is in agree- 
ment with the results obtained in the 
present investigation. 


Correlation of Conversion Data. 
Equation (5) is a particular application 
of Equation (1) to initial rate data. In 
order to develop a correlation of all the 
conversion data, it remained to evaluate 
the constants, Ky, Ky and Kg in Equa- 
tion (1). Since the process of graphical 
differentiation is subject to large errors, 
selection of these constants and the final 
form of the water adsorption relation 
was based on numerical integration of 
the rate equation. Equation (5) was 
numerically integrated to give conver- 
sion curves corresponding to those of 
Figures 4-6. The integration performed 
was : 

, 
W/F = 

r(x) 
Based on the results of this integration, 
the equation was modified, and the modi- 
tied equation was checked again by in- 
tegration. Since it was necessary to 
re-establish the effect of water by this 
trial-and-error procedure, analytical in- 
tegration of the rate equation was not 
possible. For each of 11 curves 40 such 
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trials were necessary to establish the 
final equation at 230° C. which follows: 


= Phamf (Gx) (44 — 
1+ 
(6) 


= 15.30 at 230° C. 
1.5 at 230° C. 
34.31 at 230° C. 
function representing effect of 
water on rate of adsorption 
of acetic acid 
= 0.798(ap)®39, (ap < 0.15) 
0.300 + 0.900ap, (ap > 0.15) 
equilibrium constant for the 
adsorption of water 


The number of active sites, L, in Equa- 
tion (1) was replaced by mf(ag) in 
arriving at Equation (6). The curves 
of Figures 4-6 were obtained by numer- 
ical integration of Equation (6). It 
can be seen from these curves that the 
formation of water as the feed enters 
the bed results in an increase in rate 
over a short depth of the bed. Hence, 
rates obtained by graphical differentia- 
tion of an arbitrary curve drawn 
through the experimental points and 
extrapolated to zero conversion are in- 
accurate. This accounts for the differ- 
ence in the factor representing the effect 
of water between Equations (5) and 
(6). 

The value of the equilibrium constant, 
K, used in Equation (6) was calculated 
from: 

AG° = —4175.6 + 2.88T (7) 


AG° = —RT In, K (8) 


where: 


T = absolute temperature, ° K. 

K = equilibrium constant defined in 
terms of activities based on 
unit fugacity 


Equation (7) was developed by Knox 
and Burbridge (10) from a survey of 
the existing equilibrium data for this 
system. 

In calculating the activities in Equa- 
tion (6), account was taken of the asso- 
ciation of acetic acid into double mole- 
cules which was assumed to be at equi- 
librium. Values of the equilibrium con- 
stant for the association reaction, 


2 HAc= (HAc)> 


were determined by Essex and Clarke 
(2) at three temperatures from P-I’-T 
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Fig. 6. Conversion curves for an equimolal feed at 230° C. without addition of water 
to feed. The curves result from numerical integration of Eq. (6). 


data in the International Critical Tables. 
Applying Kirchhoff's equation to their 
results, they arrived at the following 
expression for the association equili- 
brium constant, K,, as a function of 
temperature : 


_ 17.083 
K, = 29.12 togyeT — 95.653 


(9) 
where: 
T = absolute temperature, ° K. 


Values of K, from Equation (9) were 
used in calculating activities for Equa- 
tion (6). 

It was found that the value of K, in 
Equation (1) had to be taken as zero 
in order to fit the conversion data. This 
is in agreement with the proposed rate 
mechanism since K, will be small if the 
adsorption of acetic acid is the rate- 
controlling step. Since it was assumed 
that adsorbed water increased the num- 
ber of active sites on the solid, the value 
of Kg in Equation (1) was taken as 
zero. This is reasonable, since the terms 
in the denominator of Equation (1) 
represent the hindering effect on the 
reaction due to the reduction in the 
number of active sites caused by ad- 
sorbed material. It is probable that the 
active sites in this case were actually 
adsorbed water molecules. 

An interesting feature of all the con- 
version curves is the comparatively 
slow rate at which the velocity of the 
reaction falls off with increasing con- 
version. Any postulated driving force 
for the reaction which depends on the 


product of the activities of both reac- 
tants causes the rate to fall off much 
more rapidly. ; 

Values of the activities of the com- 
ponents as a function of the conver- 
sion, x, for an equimolal feed at 200° C. 
and 1.65 atms. taking account of the 
association of the acetic acid are listed 
in Table 2. The numerical integration 
of the rate equation using these values 
is shown in Table 3. The resulting 
curve is plotted in Figure 8. 


Catalyst Activity. In order to check 
the constancy of the catalyst activity, 
runs 11, 38, and 68 (total runs, 85) 
were made at a low value of W’/F (ap- 
proximately 450) on an equimolal mix- 
ture at 230° C. and 0.97 atms. At this 
low value of W/F, the conversion 
curves are essentially linear and the re- 
sults are best compared on the basis of 
the value of (+)/(W/F). Results ob- 
tained are shown in Table 4. Since the 
values shown in Table 4 are within the 
range of experimental precision, it was 
concluded that the catalyst activity was 
essentially constant. In a previous in- 
vestigation, Hanson, Hoerig and 
Kowalke (6) found some loss of activity 
with time as decomposition products 
accumulated in the catalyst. They were 
able to regenerate their catalyst by 
heating at 300° C. for 15 hrs. In order 
to circumvent that difficulty in the 
present work, the catalyst was degassed 
at operating temperatures with nitrogen 
after each run. 


Temperature Coefficient. A sound 
theoretical analysis of the effect of tem- 


TABLE 2.—-ACTIVITIES AT 200°C. AND 1.65 ATMS. FOR AN EQUIMOLAL FEED 


wir o 


1.9126 
1.9305 
1.9472 
1.9629 
1.9768 
1.9893 
2.0001 
2.0092 
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0750 .6500 0.8000 .2000 6779 -1695 0024 
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Fig. 7. Conversion curves for an equimolal feed at 230°C. under a total pressure 
of 0.97 atm. Varying amounts of water were introduced in the feed reducing the 


concentration of the reactants. 


perature on the reaction rate equation 
(Eq. (6)) is impossible without inde 
pendent knowledge of the effect of 
temperature on the function, f(ap). 
Since it was shown that a correlation 


of the conversion data at 230° C. was 


The curves result from integration of Eq. (6). 


achieved if the number of active sites, 
L, was represented by the equation: 


L = mf(apz) 


it would be expected that L would be 
temperature-sensitive. Therefore in 


TABLE 3.—-NUMERICAL INTEGRATION OF RATE EQUATION AT 200° ¢ 
AND 1.65 ATMS. FOR AN EQUIMOLAL FEED 


w= 


25.94 


10-* (aa — anas/asK) 


1+ 1.5 as 


Let D(aa) represent the driving force in the rate equation. 


Siar) 


Values of an, as and D(a) were obtained from 
Table 2. The value of f(az) as a function of 
ar can be found in Fig. 10. 
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Equation (6), the following factors 
were functions of temperature: mf(ap), 
ky, E, K and Kg. A satisfactory tem- 
perature correlation of the conversion 
data was obtained under the following 
conditions : 


1. It was assumed that temperature af- 
fected only m in the factor mf(az), and 
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that m was essentially an equilibrium con- 
stant for which the temperature effect could 
be represented by the equation: 


m = B’ exp(—AH2/RT) (10) 


where : 


B’ = constant 
AHs = enthalpy change for the adsorp- 
tion of water vapor, cal./g. 
mole 
R = gas law constant, cal./(g. mole) 
(° K.) 
T = absolute temperature, ° K. 


2. The constant, ku, was a reaction ve- 
locity constant for the activated adsorption 
of acetic acid and could be represented by 
Arrhenius’ equation. Thus: 


ka = A’ exp(—AH,t/RT) (il) 


where : 


A’ = constant 
AH,t = enthalpy of activation; for acti- 
vated adsorption of acetic acid 


3. The effect of temperature on E is 
complex and depends in general on the 
effect of temperature on the other constants 
and on the effect of temperature on the 
diffusivity of acetic acid in the reacting 
system. However, the change with temper- 
ature of E becomes negligible as E ap- 
proaches 1. The effectiveness factor was 
probably close to 1 during the present im 
vestigation as will be discussed. / was 
therefore considered constant with respect 
to temperature over the temperature range 
covered. 

4. The effect of temperature on the 
equilibrium constant, K, was obtained from 
Equations (7) and (8) ; 

5. The shape of the curves representing 
the integrated rate equation was insensitive 
to small changes in the value of the con- 
stant, Ks. Hence, it was not possible to 
detect any effect of temperature on Ks by 
the procedure of trial integrations used to 
establish the constant Ekam at the temper 
atures used. 

In calculating the activities of the acetic 
acid, account was taken of the effect of 
temperature on the association equili- 
brium constant, K,, with Equation (9). 

After repeated trial integrations, the 
values of Table 5 were established for 
the constants (Ek4ym) and Kg at 200° 
C. and at 260° C. 

The curves resulting from the inte- 
gration of Equation (6) at 200° C. and 
260° C. with the constants of Table 5 
are shown in Figure 8 (200°C.) and 
Figure 9 (260° C.). 

Combining Equations (10) and (11): 


Ekym = EA’B’ exp{( 
—H,)/RT} (12) 


TABLE 4.—CONSTANCY 


ACTIVITY 


OF CATALYST 


Run No. z 
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194 
186 


a 
04 
% 400 800 % 400 800 
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0.5 4331 6898 ‘3384 2334 6.054 6221 
0.6 5133 7620 2549 .1942 5.038 7425 be 
1/r (1/r)ee W/P (2) /(W/P) 
0 2977 4.01 x 10~ 
1878 1952 429 4.16 X 
0 2679 1086 TABLE 5.—CONSTANTS IN THE RATE 
0 5536 1843 
°C. Ekam Ks K ri 
200 25.94 x 1.5 19.93 
260 53.37 X 10-* 12.09 


A correlation of the temperature effect 
on the constant (Ek,m) with Equation 
(12) is found in Figure 11. Values 
obtained for the constants were: 


EA’B’ = 1.203 x 10-4 
(AHp + 4H4*) = 5800 cal./g.mole 


The function f(ap) seems well estab- 
lished since it enters into all 17 conver- 
sion curves plotted. These curves cover 
a wide range of feed compositions and 
conversions as well as three tempera- 
tures and pressures. This function is 
plotted in Figure 10. The similarity to 
an adsorption isotherm is apparent. 


Other Mechanisms. In some catalytic 
reactions proceeding at relatively high 
rates, the resistance to transfer of prod- 
ucts and reactants from the main gas 
stream to the surface of the catalyst 
particles reduces the over-all 
reaction. Using the correlation of mass- 
and heat-transfer numbers given by 
Gamson, Thodos and Hougen (8) and 
by Wilke and Hougen (14), the partial 
pressure gradients of reactants and 
products from the main gas stream to 
the external surface of the catalyst in a 
flow system may be estimated. In order 
to determine whether a diffusion step 
was influencing reaction rates obtained, 
the diffusional gradient of acetic acid 
was estimated using the maximum rate 
determined by graphical differentiation, 
4.01 x 10-4 gram moles/ (gram solid) 
(hr.), and the minimum mass velocity 
used, 8 Ibs./(hr.) (sq.ft.), in establish- 
ing the curve at 230° C. and 0.97 atms. 
for an equimolal mixture. It was found 
that the gradient was only 0.0018 times 
the value of the partial pressure of 
acetic acid. Since this is negligible, it 
was permissible to neglect diffusional 
gradients due to mass transfer across 
the external film. Under these condi- 
tions, it was not necessary to maintain 
a constant mass velocity while varying 
space velocity. Therefore, the space 
velocity was varied by varying the feed 
rate with a constant mass of catalyst. 
The small gradient calculated results 
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Fig. 9. Conversion curves for an equi- 
molal feed at 260°C. without addition 
of water to feed. The curves result from 
the numerical integration of Eq. (6). 
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Fig. 8. Conversion curves for an equimolal feed at 200° C. without addition of water 
feed. The curves result from the numerical integration of Eq. (6). 


from a low rate of 
reaction, 

Hanson, Hoerig and Kowalke (6) 
working with this same system decided 
that a diffusional step within the catalyst 
particle was rate-controlling. They pro- 
posed the following mechanism equa- 
tion: 


comparatively 


KV p = 


where: 

= moles of product formed per 
hour 

= volume of reaction chamber 

= mole fraction of component a 
in gas stream 

= mole fraction of a at equili 
brium 

K,, = mass-transfer coefficient 


Using this equation, they were able to 
calculate by graphical integration values 
of K, from individual runs which were 
constant for data taken at 1 atm. with 
an equimolal feed. Considerable varia- 
tions in Ky were observed when it was 
attempted to apply this equation to other 
than équimolal mixtures, while data at 
pressures other than one atmosphere 
were not taken. 

Since the diffusional properties of 
ethyl alcohol and acetic acid are similar, 
a maximum initial rate at constant 
pressure and temperature would be ex- 
pected with an approximately equimolal 
feed. Since the maximum rate was 
observed at a mole fraction of acetic 
acid of about 0.7 (Fig. 2), it seems un- 
likely that a diffusion step was rate- 
controlling. Nor could a diffusion me- 
chanism explain the increase in rate 
observed when the reactants were di- 
luted with water. 

It is frequently observed in catalytic 
reactions that with all other variables 
held constant there will be a decrease 
in rate as the catalyst particle diameter 
is increased. This effect, due to the 
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greater accessibility of the external sur- 
face for reaction, is a diffusional phe- 
nomenon and is usually minimized by 
operating with a single particle size. In 
the present work, only catalyst particles 
in the four-to-six mesh range were used. 
Data of Hanson, Hoerig and Kowalke 
(6) demonstrating this effect for the 
esterification reaction indicate that dif- 
fusion within the particle does affect the 
rate if particle size is varied but do not 
imply necessarily that this is the rate- 
controlling step, if the diffusional effect 
is minimized by operating always with 
the same particle size. It was found 
that Thiecle’s method (172) of relating 
effectiveness factor data gave an excel- 
lent correlation of Hanson’s data. Given 
the effectiveness factor for any two 
particle sizes, it is possible to predict 
the effectiveness factor for a_ third 
particle with Thiele’s modulus. 
Following this procedure, the predicted 
catalyst factor differed 
from the experimental by only 1%. 
Since Thiele’s method applies rigorously 
only to first-order reactions where the 
rate is proportional to the first power 
of the concentration at the interface, a 
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Fig. 10. An illustrative plot of the 
function /f(ae) representing effect of 
water on catalyst activity. The activi 
of the water vapor, ax, is based on on 
fugacity. 
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Fig. 11. The apparent reaction velocity constant (Kk«m) is plotted 
absolute temperature. The constants of Eq. (12) were derived 


good correlation of the initial rate 
esterification data would be expected 
when the activated adsorption of acetic 
acid is the rate-controlling step. 

The catalyst used in the present inves- 
tigation showed activities considerably 
lower than those of the catalyst used by 
Hanson for particles of equal size under 
identical operating conditions. How- 
ever, it was possible to reproduce their 
results with a small amount of their 
catalyst which was available. On the 
single run made with their catalyst at 
230° C., 0.97 atms., equimolal feed, six- 
to-eight mesh particle size, a fractional 
conversion of 0.294 was obtained at 
W/F equal to 120. The value predicted 
from a curve joining their experimental 
points was 0.307. 

The relatively low initial rates ob- 
served here, 2.71 x 10-4 g.moles/(g. 
catalyst)(hr.) for a 1:1 mixture at 
230° C. and 0.97 atms. calculated from 
Equation (6), make it seem unlikely 
that a diffusion mechanism could control 
the rate. The fact that diffusion across 
the external film had no effect on rate 
at low mass velocities, 8 Ibs./(hr.) (sq. 
ft.), is further evidence that diffusional 
gradients within the catalyst were not 
likely to have been large. 

Although it has been well established 
that the homogeneous reaction rate is 
negligible (5, 6), there was the possi- 
bility that reaction could occur in the 
liquid phase while condensation was 
occurring even though an ice bath was 
used to insure rapid cooling of the con- 
densed phase and titration of the prod- 
uct was carried on with ice in the flask. 
Accordingly, two runs were made with- 
out catalyst in the reactor duplicating a 
normal run in all other respects. Frac- 
tional conversions of 0.002 and 0.005 
were observed. This is easily within the 
range of experimental precision and 
checks the results of Hanson, Hoerig 
and Kowalke (6) who found a conver- 
sion of less than 0.01 using the same 
technique. 
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It was felt at one time that the in- 
crease in rate resulting from the intro- 
duction of water in the feed might be 
caused by an increase of acetic acid 
activities by dilution of a condensed 
liquid phase within the catalyst. While 
it was not possible to set up a critical 
experiment to dispose of this hypothesis, 
the linear relationships between initial 
rate and pressure and between initial 
rate and mole fraction of acetic acid in 
the feed make this seem unlikely. The 
best evidence for the adsorption me- 
chanism proposed here is, of course, the 
good fit of Equation (6) to data taken 
over a wide range of experimental con 
ditions. 
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Notation 


activity based on unit fugacity 

effectiveness factor equal to 
rate at which reaction pro- 
ceeds, divided by rate at 
which it would proceed if the 
internal surface of the cata- 
lyst were as accessible to re- 
actants as the external sur- 
face 

= feed rate of the limiting re- 

actant, g.moles /hr. 

mass velocity, Ibs./(hr.) (sq. 
ft.) 

enthalpy, cal./g.mole 

enthalpy of activation, cal./g. 
mole 

equilibrium constant for the 
gaseous esterification reac- 
tion 

= equilibrium constant for asso- 

ciation of acetic acid into 
double molecules 


Chemical Engineering Progress 


equilibrium constant for acti- 
vated adsorption of acetic 
acid (similarly for other 
components ) 
= mass-transfer coefficient (units 
undefined ) 
reaction velocity constant 
number of active sites, g.moles 
= equilibrium constant for ad- 
sorption of water vapor 
mole fraction 
number of moles, g. moles 
total pressure, atm. 
partial pressure, atm. 
molal ratio of acid to alcohol 
in the feed 
reaction rate, 
solid ) (hr.) 
= reactor volume 
fined ) 
= mass of catalyst, g. 
= fractional conversion of limit- 
ing reactant 


g- moles/(g. 


(units unde- 


SUBSCRIPTS : 


= acetic acid 

= double molecules of acetic acid 
= ethyl alcohol 

water 

ethyl acetate 

= total moles 

= initial conditions 
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GASIFICATION OF CARBON 


Metal Oxides in a Fluidized Powder Bed 


W. K. LEWIS, E. R. GILLILAND, and M. P. SWEENEY t 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


ANY industrially important proc- 
esses involve the transfer of oxy- 
gen from one material to another. When 
both reactants and products include fixed 
gases, separation of the desired products 
may be quite costly. The metal oxide 
“oxygen-carrier” technique has been 
proposed in certain oxidation reactions 
to sidestep this difficulty. For example, 
with air as the oxidizing gas, carbon 
dioxide is produced from carbon, carbon 
monoxide and hydrogen mixtures from 
methane, and sulfur dioxide from sul- 
fur. If the oxidation is performed di- 
rectly, the gaseous products are diluted 
with great quantities of nitrogen, 
whereas, with an oxygen carrier, the 
oxygen may be taken from the air by 
the solid and in a separate step given 
up to the reaction raw material. Prev- 
ious investigators (8, 9) using this 
technique have studied the following 
reactions : 

CH, + CuO CO + 2H, + Cu 
(1) 

FeS + 10Fe,0; ~ 7Fe;0, + SO, 
(2) 


In the present investigation, it was 
desired to study the possibilities of the 
production of carbon dioxide from car- 
bon by this oxygen-carrier technique. If 
such a process were operable, it would 
eliminate the usual absorption step in 
the production of carbon dioxide. 

In choosing a suitable metal oxide, 
in addition to the necessities of low cost, 
high melting and softening points, non- 
toxicity, noncorrosiveness, etc., the pri- 
mary requirements for a suitable metal 
oxide are being thermodynamically cap- 
able of oxidizing carbon and carbon 
monoxide to carbon dioxide and, at the 


Complete information on all the runs is 
on file (Document 3185) with the Amer- 
ican Documentation Institute, 1719 N 
Street, N.W., Washington, D. C. Obtain- 
able by remitting $1.00 for a microfilm and 
$1.00 for a photocopy. Also a copy of 
M. P. Sweeney's Sc.D. thesis can be bor- 
rowed from the chemical engineering de- 
partment, M.I.T. 


t Present address: University of Penn- 
sylvania, Philadelphia, Pa. 


Vol. 47, No. 5 


same time, being capable of regeneration 
by air at temperatures approximately 
equal to those necessary for the reaction. 
On the basis of these requirements, it 
was concluded that some of the oxides 
of cobalt, nickel, manganese, iron, and 
copper were the most suitable. Ferric 
oxide and cupric oxide, being approxi- 
mately at opposite ends of the permis- 
sible thermodynamic scale, were those 
chosen for study. 

Because the reaction of two solids 
would be involved, plus frequent regen- 
eration of the metal oxide, a continuous 
operation would be desirable. For large- 
scale operation this continuous operation 
with solids can be obtained by either the 
fluidized powder or moving-bed tech- 
niques. In order to simulate industrial 
operation, and in order to gain the ad 
vantages of uniform reaction tempera- 
ture, the experimental program was 
carried out in fluidized powder beds. 


“q 
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Experimental Procedure 


Apparatus and Procedure. The primary 
investigation was carried out in a fluidized 
powder bed in which part of the product 
gas was rapidly recirculated back to the 
imlet to provide fluidization and to obtain 
a uniform reactor gas composition. The 
runs were batchwise with respect to the 
carbon and the oxide. The weighed quan- 
tity of carbon was blown into the oxide 
already fluidized in carbon dioxide at the 
reaction temperature. A diagrammatic 
sketch of the reactor giving pertinent di- 
mensions is shown in Figure | and a flow 
sheet of the system is given in Figure 2 

The measured rate of reaction was the 
rate of gas passing out through the wet test 
meter or continuous analyzer from this 
constant pressure, constant volume closed 
system. The system was originally charged 
and purged with carbon dioxide from a 
commercial gas cylinder but after the run 
was initiated no additional carbon dioxide 
was supplied and the fluidization was car- 
ried out by the recycle of the gas within 
the system. By the application of carbon 
and oxygen material balance equations 
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over short-time intervals, on the assump- 
tion that the reactor gas composition was 
uniform and equal to the exit composition 
(i.e., at the continuous analyzer), the rate 
of gasification of the carbon and the rate 


of reduction of the oxide, respectively, were 
obtained. The total amounts gasified 
were calculated by summing the incremen- 
tal values. Typical results are shown in 
Figures 3-8 and in Table 1. Additional data 


TABLE A 


Volatile 
Combustible 


Hydrogen Nitrogen 


0.75 0.84 
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8 TEMPERATURE 
MEASUREMENT 


Fig. 2. Schematic diagram of apparatus. 


are available in the theses of Duerr (2) 
and Harris and Honnold (7). 

The reactor gas, mainly carbon dioxide, 
was continuously analyzed by withdrawing 
a small gas stream at a measured rate, 
absorbing the carbon dioxide from it by 
potassium hydroxide solution and ascarite, 
and measuring the resulting caustic-insolu 
ble tail gas rate. The tail gas was collected 
and analyzed by the precision Orsat tech- 
nique. 


Reaction Materials 


a. /ron Ore. The ore used in this inves 
tigation was a sample of Lake Superior 
hematitic ore from the pits of the M. A 
Hanna Co., containing 57.9 wt. % iron. In 
the main investigation a fresh representative 
sample of the carefully crushed, ground, 
screened and air-classified (40-200 U. S 
standard mesh) was used for each run. 


b. Copper-Oxide-on-Silica Gel. Owing 
to agglomeration difficulties at reaction 
temperature, the cupric oxide was deposited 
on silica gel. The silica gel employed was 
Davison Chemical Corp. Refrigeration 
Grade, 28-200 mesh. The gel was impreg- 
nated with an aqueous copper nitrate 
solution and then dried and roasted in 
air. The solid contained from 10 to 15 wt 
% cupric oxide, and after each run was 
air-regenerated at about 500° C. and then 
reused 


c. Coke. The coke was metallurgical 
Koppers-type coke from the ovens of the 
Providence Coke Co. A 40-60 U. S. stan- 
dard mesh-size fraction was used in the 
iron oxide runs and 100-140 mesh-size 
fraction in the copper oxide runs. These 
were the mesh sizes found to mix satis- 
factorily with the oxides. Proximate and 
ultimate analyses (per cent by weight) are 
shown in Table A. 


Equilibrium Results 
Equilibrium data for the reaction: 


+ CO 2Fe,0, + CO, 
(3) 
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were obtained by recirculating the gas 
mixture through the bed of fluidized iron 
oxides a number of times, after which a 

knewn volume of the gas was analyzed by 
first passing it through caustic and ascarite 
in the continuous analyzer, then analyzing 
the tail gas for carbon monoxide by the 
precision Orsat technique. The results are 
given in Table 2. These values agree 
closely with the equation for the free en- 
ergy change, for the reaction 2FesO, + CO, 
+ CO,* derived using the third 
law of thermodynamics and the collected 
data of Thompson (/8). This equation is 


AF* = 8460+ 18.12T In T —5.51 
x 10°7* + 544.0T% — 3.44 


— 129.6T (4) 


However, these values disagree with those 
quoted by Ralston (15) and by Marek 
et al. (12) by a factor of 1000. The rea- 
sons for this large discrepancy are not 
apparent. 

Equilibrium data for the reaction 
4Cu0 2Cu,0 +O, were obtained by 
slowly withdrawing approximately a 5-1. 
sample of circulating gas through the con- 
tinuous analyzer over a period of an hour 
for each of the copper oxide runs before 
the coke was added, meanwhile maintaining 
the reactor pressure constant by the intro- 
duction of carbon dioxide downstream of 
the outlet. The caustic-insoluble tail gases 
were collected and analyzed as above. 

Results of these determinations are 
shown in Table 3 and are plotted in Figure 
9 along with the results of earlier investi- 
gators. It is seen that the results of this 
investigation lie approximately 20% higher 
at each temperature than the average of 
the earlier work. It is evident either that 
the cupric oxide deposited thinly on the 
silica gel gives a higher oxygen partial 
pressure than the normal form, or that 
solid solution effects are present when only 
a small fraction of cuprous oxide is present, 
as was the case here 


Interpretation of Data 


Mechanisms. Considering first the 
possible mechanisms for the gasification 
of the carbon and the reduction of the 
oxides: there is every indication during 
both the FC (iron ore-coke) and CC 
(copper oxide-on-silica gel-coke) runs 
that no significant amount of direct 
solid-solid interaction takes place; 
rather, there is every indication that 
the mechanism of reaction of the coke 
with the oxide is by consecutive gas- 
solid reactions. Two possible gas-solid 
mechanisms exist for these oxygen- 
carrier reactions. The first consists of 
the simultaneous reactions: 


gasification of carbon by COs, 
C (5) 
and reduction of the oxide by the CO 
formed, 
CO+ Met+ (6) 
* The computation of Thompson has a 
numerical error in it and should read as 
above. His equation for 2Fe0,+ ™%O, = 
3Fe.0; should 1 AF —56,770 + 
12827 In T—5.15 x 10°7* + 85.6T% — 
3.44 x 10°T" — 60.3T. 
* MeO refers to any metal oxide, and 
Me to the next lower oxide, or the metal, 
itself 
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The other mechanism is thermal decom- 
position of the oxide, MeO Me+ % 
Oz, producing oxygen, followed by re- 
action of the oxygen with the carbon, 
C+0O,—7CO,. Notice that since the 
gas phase initially is essentially pure 
carbon dioxide, and a large carbon 
dioxide concentration always remains, 
the first mechanism will always be tak- 
ing place. 

The conditions under which the direct 
oxidation process cannot make a signifi- 
cant contribution to the over-all reaction 


rate can be estimated from a considera- 
tion of the maximum mass-transfer 
rates between the gas and solid phases. 
From existing data (8), the gas phase 
mass-transfer coefficient to the carbon is 
equivalent to a reaction rate, R,, for 
120 U. S. standard mesh-size (0.125 mm. 
D) carbon particles, of the order of 
magnitude of 100 gram-atoms of carbon 
gasihed per gram-atom of carbon in the 
bed, per minute, for a one atmosphere 
partial pressure difference of oxygen. 
Now the maximum contribution of the 
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Ore sintered 6.8 hr. before run 
Reactor pressure 935 + 5 mm 
Superficial gas velocity 1.01 + .06 ft./sec 


Chemical Engineering Progress 


1500 g. iron ore (6.60% moisture) 
(as coke) 


i 
= 
RUN FC-1/2 
Fig. 5. = 
° . 
| 
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Time Temp. COs 
y min % % moles moles x 10°* moles 
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J 30.0 959 99.0 0.122 685 809 4.54 224 
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\ ed 
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oxygen mechanism to the gasification 
of the carbon will obtain when the main 
gas oxygen partial pressure is its equi- 
librium value over the oxide and the 
carbon surface value is zero. From the 
values of the equilibrium partial pres- 
sure, p,*, presented for the experimen- 
tal equilibrium data, it can be seen that 
the maximum contribution for the cupric 
oxide step might be a value of FR, of 
the order of 1 (,* about 10-7) but 
with cr_rous oxide and ferric oxide the 
value of R, would be of the order of 
10-® (p,* about atm.). When these 


Sample 
Volume, 
ml. 

2,220 
20,840 
8,210 


TABLE 


Avg. Reactor 


3.—PRE-RUN 


Avg. 


values are compared with the experi- 
mental results given in Figures 3-8 it is 
noted that the contribution of direct 
oxidation for cuprous oxide and ferric 
oxide is inconsequential, but that in the 
case of cupric oxide it could be very 
large. 


FC Series. When the data for the FC 
series are considered, (Fig. 3-5), it is 
seen that nearly pure carbon dioxide 
was obtained until the O/Fe ratio was 
approximately 1.40 (ratio for Fe.O, 
1.5, for Fe,0, = 1.33). During this 
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period (after the initial few minutes 
when volatile combustible matter was 
given off the coke), the unit carbon 
gasification rate showed a slight but 
steady rise. Since the mechanism is re- 
stricted to the carbon monoxide and 
carbon dioxide reactions, and since the 
reacting gas was substantially pure 
carbon dioxide, the rise in the unit rate, 
at constant temperature and pressure, 
must be attributed to a change in the 
reactivity of the carbon with fractional 
carbon gasified. If this assumption is 
correct then the reaction rate should be 
a function of the fraction carbon gasi- 
fied and essentially independent of the 
other factors. Data are plotted in Fig- 
ure 10 and, except for the early part 
of the run when the volatile combustible 
matter is giving a higher initial rate. 
the results for a given temperature cor- 
relate well, and the lines for the differ- 
ent temperatures are essentially parallel, 
indicating that the percentage effect of 
the fractional carbon gasified on the re- 
action rate is almost independent of tem 
perature. In order to compare the 
results for different runs all were cor- 
rected to the rate for 6% gasified by 
using the data of Figure 10. The re- 
action rate at 6% gasified as a function 
of the temperature is shown in Fig- 
ure 11. 
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The extreme limits of the carbon 
monoxide concentration must be greater 
than the low value corresponding to 
equilibrium with the oxide phases and 
less than the high concentration corre- 
sponding to equilibrium with the carbon 
by the reaction C+ 2CO. Fur- 
thermore, the faster the oxide reduction 


aos 0.00/ 


900°C 


rate is relative to the carbon-carbon 
dioxide reaction at equivalent reactant 
conditions, the lower the carbon mon- 
oxide concentration will be pulled by the 
oxide in order to maintain the rates 
at the relative values dictated by the 
steady-state system material balances. 
Since nearly pure carbon dioxide is 
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produced, the C + CO, 2CO reaction 
must be rate-controlling. The fact that 
the C + CO, 2CO reaction is strongly 
retarded by the presence of small con- 
centrations of carbon monoxide (4, 5, 
19) supports the conclusion based on 
exit gas analyses, that the carbon mon- 
oxide concentration is negligible during 
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the first part of a run because the 
carbon gasification rate is independent 
of carbon to oxide ratio, variations of 
which would be expected to change the 
steady-state carbon monoxide concentra- 
tion. 

The carbon gasification rates during 
the period of rapidly changing carbon 
monoxide concentration do not correlate 
with the Langmuir-type of reaction rate 
expression which has been found (4, 5, 
19) to hold well for point values of the 
C + CO, 2CO reaction rate. It is be- 
lieved that the deviations from this 
expression are mainly due to the carbon 
monoxide concentration in the bed being 
greater than the measured carbon mon- 
oxide concentrations. That this effect is 
present to a significant extent when the 
gas phase rising through a fluidized bed 
is changing in concentration because of 
chemical reaction with the solid is well 
known (6); and it is explained by the 
fact that, rather than rising in uniform 
concentration throughout a fluidized 
bed, a portion of the gas rises rapidly 
in the form of bubbles (9, 13), which 
have only limited contact with the dense 
phase, thus producing mass-transfer 
gradients. It was not possible to observe 
the character of the fluidization in the 
metal apparatus but the pressure drop 
indicated that the solid was being sup- 
ported by the gas. The experimental 
data available on the extent of the gas 
by-passing are not sufficient to indicate 
whether the problem will be more ser- 
ious in a larger unit. 

A few runs were made with a Disco 
semicoke which is chemically more re- 
active than the coke employed, and rates 
of carbon dioxide production two to ten 
times those given in Figures 3-5 were 
obtained. 


CC Series. With cupric oxide and 
coke, the data (Figs. 6-8, inclusive) 
show a relatively rapid initial surge of 
gas for the first 30-40% of the cupric 
oxide reduced. Thereafter, the rate de- 
clined rapidly and leveled off to nearly 
constant values until nearly all the 
cupric oxide was used up (O/Cu = 
0.5). These “plateau” rates were up to 
twice as great as would be expected 
(19) from the C + CO, 2CO reaction 
alone, and were a function of the carbon- 
to-oxide ratio. Again, substantially pure 
carbon dioxide was produced. 

The fact that in the plateau period 
the carbon gasification rate was a func- 
tion of the carbon-to-oxide ratio even 
with the carbon monoxide concentration 
negligible confirms the presence of an 
oxygen contribution during this period. 
It can be concluded from these facts, in 
view of the previous deductions : 


1. The contribution of the oxygen me- 
chanism to the over-all rate is large during 
this initial surge period for cupric oxide 
deposited on silica gel. 
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2. Since the concentrations in the gas 
phase of both oxygen and carbon monoxide 
were low, the rate-controlling reactions 
were 

C + CO, 2CO (7) 
and 
4Cu0 ~ CuO + O, (8) 

Below a value of O/Cu of 0.5, Cu,O 
was being reduced by the carbon mon- 
oxide and carbon dioxide reactions. 
Data show that at first the cuprous oxide 
reduction rate is such that it can main- 
tain the carbon monoxide concentration 
low. In other words, again the 
C+CO,~ 2CO reaction is rate-con- 
trolling. However, at an O/Cu ratio of 
about 0.4, before much of the Cu,O is 
reduced, the carbon monoxide concen- 
tration begins to build up and the rates 
of reaction fall off as the cuprous oxide 
reduction tends to become rate-control- 
ling. It would appear from this increase 
in resistance to reaction long before the 
cuprous oxide becomes small in amount 
that the cuprous oxide reduction reac- 
tion is limited by a skin of copper 
formed on the cuprous oxide surface. 
Furthermore, in both the cupric oxide 
and cuprous oxide reduction stages, the 
rates become smaller than might be ex- 
pected from a resistance proportional 
to the relative thickness of the reduced 
layer present, when 40-50% of the oxide 
is consumed. It is believed that in both 
cases this is due to the fact that only 
40-50% of the cupric oxide deposited 
on the silica gel is readily accessible. 
The rest of the oxide may have been 
in silica gel pores which were not so 
readily available to the gas. Because of 
the low rates involved, the runs were 
not continued beyond the point where 
40-50% of the cuprous oxide had been 
reduced. 


Engineering Significance 

As previously mentioned, it was 
necessary for fluidization purposes that 
the cupric oxide be supported on a 
carrier. The combination with silica 
gel proved to have poor durability, i.e., 
some of the copper gradually sloughed 
off, gathering in clumps at the bottom 
of the reactor or blowing overhead as 
fines. It is therefore concluded that the 
copper oxide-on-silica gel used in this 
investigation is not a suitable oxygen 
carrier for industrial operation. A more 
suitable support for the copper oxide 
might be found. Experimental results 
indicate that during the cupric oxide 
stage the rates are significantly higher 
than with the iron oxide and copper 
oxide would appear desirable for this 
reason. In any case, the contamination 
of the oxide with ash would offer more 
difficulties with copper than with iron 
because of the high recovery necessary 
with the copper. 

In the case of the hematitic iron ore, 
rough calculations have shown that the 
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reduction rates with the coke employed 
in this investigation with a reactor 2 ft. 
in diameter and 20 ft. high would pro- 
duce from 10 to 15 tons of carbon 
dioxide/day. Production rates several 
times as great could be obtained by using 
a more active form of carbon. Thus, 
since ferric oxide appears satisfactory 
from the points of view of both rates 
of reaction and as a practical “oxygen 
carrier,” this process appears worthy of 
further study. The problems of carbon 
and ash separation from the recirculat- 
ing hematite need still to be worked out. 

In the work reported here, a fresh 
sample of iron oxide was used in each 
run. In subsequent work the iron oxide 
has been carried through a limited num- 
ber of cycles of reaction and regenera- 
tion without any apparent changes in 
reactivity or particle size. 
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ABSORPTION ON A SEMI-WORKS SCALE 
Absorption of Sulfur Dioxide in Water in a Packed Tower 
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and 


FRANK B. WEST 


JOSEPH L. McCARTHY 


University of Washington, Seattle, Washington 


The influence of tower height and of chemical reaction between the 
solute and solvent have been investigated for the absorption of sulfur 
dioxide in water in a semi-works scale packed tower over the com- 
mercial range of operating conditions. The tower was packed with 


l-in. Raschig rings. 


Because of the close approach to equilibrium in many of the runs, the 
literature dealing with equilibrium solubility of sulfur dioxide in water 
has been studied, smoothed, and correlated to yield recommended equa- 
tions representing the equilibrium over a range of 0 to 50° C. and of 


0 to 800 mm. Hg. of sulfur dioxide. 


Experimental mass-transfer data have been expressed in terms of heights 
of transfer units. These are found to agree satisfactorily with similar 
sulfur dioxide absorption data secured by Whitney and Vivian from a 
tower one tenth as tall in which end effects were eliminated. 


The experimental heights of transfer units range from approximately 
those predicted by the usual correlations on up to twice these values. 
Much better agreement is obtained when the results are expressed as 
pseudoheights of transfer units corresponding to the pseudoequilibrium 
and operating lines suggested by Vivian and Whitney. 


HE general procedures for the de- 

sign of packed towers are based on 
the two-film theory of Whitman as 
elaborated by a number of authors (4, 
16, 29). Although these methods are 
widely useful, some uncertainties still 
exist with respect to treatment of cer- 
tain factors. 

One of these uncertainties is the in- 
fluence of the scale and geometry of the 
absorption equipment on the values of 
mass-transfer coefficients. This con- 
cerns the degree of reliability with 
which such coefficients secured in small- 
scale apparatus may be used directly, 
after proper account for end effects, in 
the design of large-scale equipment. 
Van Krevelen and Hoftijzer (25), for 
example, after analyzing a large mass 
of data from the literature suggested 
that the liquid film mass-transfer coefh- 
cient, k,a, varies inversely as the cube 
root of the tower height for a given 
packing material. The true situation has 
been complicated by end effects which 
exert considerable influence on the re- 
sults from shorter fowers. 

Another uncertainty in systems where 
the solubility depends in part upon a 
chemical reaction between the solute and 

t Present address: Puget Sound Pulp and 
Timber Co., Bellingham, Wash 

t Present address: G. D. Jenssen Co., 
Inc., Seattle, Wash. 
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the solvent is the influence of the rate 
of reaction. The general treatment for 
this case is complex (16, 26). However, 
a simplified approach for one limiting 
case has been advanced recently by 
Whitney and Vivian and has been ap- 
plied with considerable success to the 
absorption of chlorine in water (27) 
and to the absorption of sulfur dioxide 
in water (30). 

The present investigation was under- 
taken because of the above-mentioned 
uncertainties as to the proper design of 
large-scale sulfur dioxide absorbers and 
because of the importance of adequate 
design to conserve sulfur dioxide and 
to avoid atmospheric pollution. A num- 
ber of reports have appeared in the liter- 
ature (1, 5, 8, 30) setting forth mass- 
transfer coefficients for absorption of 
sulfur dioxide in water using various 
types of packing. However, nearly all 
these investigations have been conducted 
with relatively short towers containing 
6 in. to 6 ft. of packing. 

One of the objectives of the present 
investigation was to obtain mass-trans- 
fer data in a semi-works scale packed 
tower for essentially complete absorp- 
tion of sulfur dioxide in water to give 
liquors of high strength, and thus to at- 
tempt to eliminate most scale-up uncer- 
tainties in the design of commercial 
absorbers. 
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Another objective has been the com- 
parison of the results obtained with 
those from shorter towers and with 
those predicted by the usual correlations 
to help clarify the proper prediction and 
scale-up of mass-transfer data. Actual 
comparisons reported here are limited to 
the extensive experimental data of 
Whitney and Vivian (30) which were 
obtained in an 8-in. diameter tower 
packed with 2 ft. of 1-in. ceramic rings 
under conditions such that end effects 
were eliminated. 


Equipment and Procedure 


In essence, the present experiments 
comprised the flowing of a mixture of 
sulfur dioxide and air through a packed 
absorption tower countercurrent to 
water, and the measuring of the extent 
of absorption of the sulfur dioxide. The 
apparatus is shown schematically in 
Figure 1. 


Absorption Tower. The absorption tower 
was 24 ft. tall, of 12 in. L.D., and was packed 
to a height of 19.45 ft. with 1l-in. ceramic 
Raschig rings dumped wet. The tower was 
made of No. 16 gage stainless steel with a 
perforated No. 10 gage stainless steel plate 
30 in, from the bottom serving as a packing 
support. A gas space of 18 in. was provided 
below the packing at the base of the column, 
and another of 25% in. existed at the top 
of the column. The gas entered through a 
4-in. opening whose center line was 12 in. 
below the packing support. A 10-in. water 
seal was maintained at the base of the 
column, 

Due to possible adverse effects of poor 
liquor distribution upon the final results, 
precautions were taken during construction 
to keep the absorption tower exactly ver- 
tical and to attain good initial liquor dis- 
tribution at the top of the tower and thus 
to secure as nearly as possible a uniform 
distribution of liquor in the tower. As 
pointed out by Baker, Chilton and Vernon 
(2), if the liquor is well distributed at the 
top of the packing, it will maintain this 
distribution throughout the remainder of 
the column if the diameter of the packing 
is not too large in proportion to the column 
diameter, The water fed to the tower was 
admitted 2% in. above the top of the pack- 
ing through a spray-head-type distributor 
made from a section of 4-in. antimonia!-lead 
pipe. The spray-head contained 61 %%j,-in. 
holes drilled at such spacing and angle as 
to give distribution as uniformly as possible 
over the surface of the packing. 

The gas fed to the tower consisted of a 
mixture of sulfur dioxide and air contain- 
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ing about the same proportion of sulfur 
dioxide as is normally found in sulfur 
burner gas. Air was supplied at 30 Ib./ 
sq.in. gage from a blower. Liquid sulfur 
dioxide contained in a battery of six 150-Ib. 
cylinders, situated in a steam-heated water 
bath, was vaporized at constant pressure, 
flowed through a rotameter, and then mixed 
with air. The gas mixture was passed 
through a 3-ft. length of 4-in. lead pipe 
and finally through a funnel provided with 
vanes to insure compiete mixing before 
admission to the tower. 

Gas leaving the top of the column was 
vented through a 4-in. diameter lead pipe 
to the top of another wooden tower in 
which it was scrubbed with a 2% sodium 
hydroxide solution to remove residual 
sulfur dioxide before being discharged into 
a stack. The sulfurous acid solution flowed 
from the absorption tower through a 2-in. 
diameter pipe to a tank in which it was 
neutralized with the excess 2% sodium 
hydroxide solution leaving the alkaline 
scrubbing tower and then was discharged 
to the sewer. 


Control Measurements. Temperatures 
of the entering air and sulfur dioxide were 
measured by use of appropriately placed 
resistance thermometer bulbs connected to 
a three-point Model S Leeds and Northrup 
Micromax recorder. The third bulb in the 
outlet liquor corroded away after the first 


few runs. It was replaced by a thermowell 
and mercury thermometer for runs 24 to 
30. The temperature of influent water was 
measured by a similar single-point recorder. 
All connections to the recorders were 
checked against a standard resistance coil 
supplied by the Leeds and Northrup Co., 
and the over-all assembly was found to 
record temperature accurately to within 
0.1° C. compared with an accurate mercury 
thermometer. 

Static pressures in the tower at top and 
bottom were measured by use of water- 
filled U-tube manometers. The sulfur 
dioxide pressure gage was calibrated 
against a dead-weight tester. 

The flow rate of influent sulfur dioxide 
was manually controlled and was observed 
by means of a Schutte and Koerting rota- 
meter. Air and liquor flow rates were 
measured by sharp-edged orifices suitably 
connected with 30-in. mercury manometers, 
and these meters were calibrated several 
times during the course of the investigation 
The influent water was heated by a steam- 
jet heater, and its temperature was con- 
trolled by means of a Scientific No, 3500 
nonindicating temperature controller. 


Analyses. Analyses for sulfur dioxide 
were made on the gas entering and leaving 
the tower and also in runs 24 to 30 on 
a gas sample drawn from the tower at a 
distance of 11.8 ft. up from the bottom 
of the packing. The method of Reich 
(14, 22) involving bubbling the gas sample 
through a diffuser disk and up through a 
known volume of standardized iodine solu- 
tion until the starch-iodine end point was 
reached was employed. Concentration of 
sulfur dioxide in the liquor leaving the base 
of the tower was also determined by iodine 
titration. To prevent flashing of sulfur 
dioxide from the sample during pipetting, 
an aspirator bulb was used to apply pres- 
sure in the flask holding the liquor sample 
and thereby to force the sample up into 
the pipette. 


Procedure. (a) Flow rates of air and 
water were adjusted approximately to the 
desired values; (b) temperature equili- 
bration was approximated; (c) the feed- 
ing of sulfur dioxide was initiated; (d) 
final adjustments of the temperature, flow 
rates, and entering gas composition were 
made; and (e) analyses of gas and liquor 
streams were made at approximately 5-min. 
intervals until equilibrium had been estab- 
lished. The following data were taken: 
sulfur dioxide rotameter reading, air orifice 
reading, water orifice reading, temperature 
of entering air, temperature of entering 
water, temperature of exit water, tempera- 
ture of entering sulfur dioxide, temperature 
of bath for vaporizing sulfur dioxide, and 
the static pressure at the top and bottom of 
absorption tower. 


TABLE 1.—RECOMMENDED DATA FOR EQUILIBRIUM BETWEEN SULFUR DIOXIDE 
IN GAS PHASE AND IN WATER SOLUTION 


(0 to 50° C.; 0 to 800 mm, Hg. Partial Pressure of SO:2) 


Hp*, 


Henry's law constant, 
V 


Hin 


temperature in * C, 


+ cs, total concentration, g.moles/1000 


g. H:0 


nonionized SOz concentration, g.moles/ gs. H:O 
partial pressure of SOz at equilibrium, mm 

g-moles 802/(1000 g. Hs0) (mm. Hg.) 
ionized SOs concentration, g.moles/1000 g. HO 
effective ionic activity coefficient 

ionization constant for first hydrogen ion 


Scope of Experiments. In the 30 runs 
made 16 were excluded wholly and four 
partly because there occurred either too 
extensive absorption from the gas or too 
extensive saturation of the liquor to permit 
these effluent streams to be analyzed ade- 
quately. In eight of the runs the sulfur 
dioxide in the outlet gas was so dilute that 
it could not be determined with the ap- 
paratus and time available. Five more runs 
were excluded because the outlet liquor 
concentration was greater than 96.4% of 
what was calculated to be the saturation 
value. Such results tend to be highly un- 
reliable because the driving force for mass 
transfer at the base of the tower is so small 
that calculations based on it are greatly 
affected by even minor errors in liquor 
temperature measurement, gas or liquor 
analyses, or in the solubility data. An ex- 
ception was made in the case of run 24 
with 97.2% saturation because the data 
were unusually consistent. However, three 
more runs were excluded because their 
data were too erratic. 

The principal data for the remaining 14 
runs are given in Table 2. In four of these 
only the top or bottom sections of packing 
are considered for the same reasons as just 
given. In the accepted experiments, the 
outlet liquor temperatures ranged from 
19° to 32°C., the liquor rates from 4930 
to 7490 Ib./(hr.) (sq.ft.), the outlet gas 
rates from 148 to 335 Ib./(hr.) (sq-ft.), 
and the inlet sulfur dioxide concentrations 
from 5.4 to 18.0 moles/100 moles of dry 
air. The sulfur dioxide content of the gas 
stream was reduced from 8- to 2400-fold 
while producing outlet liquor concentrations 
ranging from 60 to 97% of saturation. 


Equilibrium Data 
Equilibrium was approached so 
closely in many of the runs that phase- 
equilibrium data useful for the calcu- 
lations had to be of a good order of 
accuracy. The degree of departure from 
equilibrium at the base of the tower in 
the several runs is indicated in Table 2 
under the heading “per cent saturation 
of liquor leaving the section.” A com- 
parison among the two sets of equili- 
brium data listed in Perry (13), showed 
discrepancies ranging from 1 to 15% in 
the equilibrium pressures over the range 
of temperatures and concentrations en- 
countered in this investigation. That 
neither of these sets of data is entirely 
reliable is indicated by the fact that 
neither gives a smooth plot of the log- 
arithm of pressure vs. reciprocal tem- 
perature at constant liquor composition. 
Accordingly, a critical review of the 
literature on the solubility of sulfur 
dioxide in water was undertaken. 
Correlation of the solubility data was 
accomplished by a method similar to 
that used by Johnstone and Leppla (10). 
Johnstone and Leppla postulated that the 
solubility relations for this system may 
be expressed by the following three 
equations : 
Ce = (1) 
where c is the concentration of SO, in 
gram moles/1000 grams of water and 


the subscripts indicate total, nonionized 
and ionized, respectively : 
= Hp* 


for Plot of ys vs. yies = Vv Kew 


0.948 0904 0884 0.863 0.852 
0.003 0.007 0.010 0.015 0.020 


0,837 
0.030 


0.827 
0.0400 


0.820 
0.050 


0.820 


0.000 0.100 
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where p* is the equilibrium partial pres- 

sure of sulfur dioxide and H is the 

Henry’s law constant; and 
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where y, is the mean ionic activity co- 
efficient for hydrogen ions and bisulfite 
ions in the solution and where K is the 
ionization constant for the reaction: 


SO,+H,OSH++HSO,- (4) 
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By analyzing their own data and those 
of Morgan and Maass (12) and of 
Campbell and Maass (3) on the solu- 
bility and electrical conductivity of sul- 
fur dioxide solutions, and by further 
assuming that the mean ionic activity 
coefficient for hydrogen and bisulfite 
ions would be the same as for ‘hydrogen 
and chloride ions, Johnstone and Leppla 
calculated values of H and of K for a 
number of temperatures over the range 
of 0°C. to 50°C. They showed that 
these values were essentially independent 
of concentration over the range of par- 
tial pressures studied, from about 0.0003 
to 1.07 atm. SO, partial pressure. They 
also showed that logarithm H vs. re- 
ciprocal temperature and that logarithm 
K vs. reciprocal temperature plots were 
essentially straight lines with slopes 
corresponding to a heat of solution of 
nonionized sulfur dioxide in water of 
6260 cal./g. mole and to a heat of ioni- 
zation of 3860 cal./g. mole ionized. 

Present calculations required smoothed 
values of H and K for the evaluation 
of effective ionic activity coefficients 
from all the available solubility data. 
Values of H and K reported by John- 
stone and Leppla were used to establish 
the equations for H and K shown in 
Table 1. 

The effective mean ionic activity co- 
efficients were next calculated for nearly 
all the data (3, 5, 7, 8, 10, 12, 15, 19- 
21, 28) reported in the literature relative 
to the solubility of sulfur dioxide in 
water in the range of 0 to 50°C. and 
0.0003 to 1.07 atm. sulfur dioxide par- 
tial pressure. For each point, the total 
solubility was converted to the units of 
Cp» Cy was calculated from H and the 
partial pressure, c; was found by differ- 
ence, and finally », was calculated from 
Equation (3). 

It should be noted that any errors in 
the values of H or K affect the value 
of » found, so that the latter should 
be considered the effective ionic activity 
coefficient for use with the above values 
of H and K. Values of H correspond 
to nonionic activity coefficients of the 
order of 10 to 12. With such large 
positive deviations from Raoult’s law as 
these it would be expected that the 
nonionic activity coefficient, and hence 
the values of H, would change appre- 
ciably over the range of concentrations 
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REFERENCE 3 
TEMP. 
0-14°¢C 
15-30°C 
3-50°C 


0.04 


024 0.28 


Fig. 2. Correlation of gas-solution equilibrium data for sulfur dioxide and water 
by use of effective ionic activity coefficients. 


encountered. Furthermore, Tartar and 
Garretson (23) using electromotive 
force studies concluded that, at 25° C., 
K was nearer to 0.0170 than to the 
0.0130 found by Johnstone and Leppla. 
Accordingly it would be expected that 
the effective ionic activity coefficients 
might not vary in the usual manner with 
ionic strength and temperature. 

What are considered to be the most 
reliable and consistent values of y, have 
been plotted against yc, in Figure 2. 
Before selection of the data a large num- 
ber of widely scattered points were 
obtained, the scattering probably result- 
ing from the fact that errors in analysis, 
temperature, partial pressures, and at- 
tainment of equilibrium all accumulate 
and are magnified in the calculated con- 
centration of the ionized sulfur dioxide 
upon which y, depends. Individual 
points were excluded from the plot when 
concentrations or partial pressures were 
not stated to closer than one part in 
twenty (eg. 14 mm. would be 
omitted). In addition, all points for 
which c, was less than half of c, were 


excluded when concentrations or partial 
pressures were not stated to better than 
one part in one hundred. Whole series 


TABLE 3 


Moles 502 
Mole Dry Air 


0.0000 

0.003884 
0.00812 
0.01153 
0.01281 
0.01409 
0.01516 


0.0222 
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of points secured in a particular investi- 
gation at constant temperature were not 
used if successive points in the series 
showed large, sudden, and _ erratic 
changes, notably much of the data of 
Campbell and Maass (3), Sims (20), 
and Conrad and Beuschlein (5). Cer- 
tain other points were excluded by the 
range of values selected for plotting. 
The remaining points have been plotted 
in Figure 2. 

The recommended values of y for 
use in Equation (3) from 0 to 50°C. 
are indicated by the solid line in Figure 
2. The broken line in the figure shows 
the values of y, used by Johnstone and 
Leppla at 25°C. The corresponding 
theoretical curves for 0° C. and for 
50°C. would lie one or two per cent 
higher, and lower than the broken line 
respectively. Even after selection, the 
points scatter widely on both sides of 
the broken line making evaluation of the 
best average difficult and completely ob- 
securing any trend due to temperature. 
At low sulfur dioxide concentrations, 
the recommended line drops off more 
rapidly than the theoretical due to great 
weight being given Johnstone and 
Leppla’s extensive measurements which 


COMPUTATIONS OF DRIVING FORCES FOR 


Ib. SOz 
Ib. HeO 


0.00315 
0.00712 
0.01072 
0.01326 
0.01416 
0.01499 
0.01573 
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were designed for and confined to this 
region. At higher concentrations the 
recommended line levels out above the 
theoretical at 0.82. In spite of the scat- 
tering of the data it would be difficult 
to justify a line as much as either 0.03 
above or below the line drawn. It should 
be noted that an error in 0.03 in y, at 
25° C. would result in errors in predict- 
ing the total sulfur dioxide concentra- 
tion of about 0.89% relative for a 2% 
solution and of 1.7% relative for a 
0.25% solution. 


Calculation Methods 


Heat and Material Balances. The relia- 
bility of each run reported in Table 2 was 
checked by a material balance which gen- 
erally agreed within 5%. The gas rate was 
considered to be the least accurate of the 
quantities measured, so the gas mass veloci- 
ties reported in Table 2 were calculated by 
material balances. 

Heat balances were used to verify the 
differences observed between the inlet and 
outlet liquor temperatures. The heat of 
solution to nonionized sulfur dioxide was 
taken as 6,260 cal./g. mole and that to 
ionized sulfur dioxide as 10,120 cal./g. 
mole (10). Together they accounted for 
temperature rises of 0.6 to 2.0°C. and 
usually were the major heat effects. Heat 
leak into or loss from the uninsulated col- 
umn was ratioed up according to the aver- 
age difference in temperature between the 
liquor and the room from one experimental 
determination in which cold liquor but no 
gas was flowing through the tower. The 
heat leaks and losses were equivalent to 
as much as 0.20°C. in several runs. An 
approximate correction was applied for the 
heat effects in cooling and humidifying the 
inlet mixed gas stream by calculating the 
net heat required to bring the inlet air 
only to thermal and humid equilibrium with 
the outlet liquor stream. An inlet air hu- 
midity of 0.008 Ib./lb. dry air was assumed 
in all cases, and net corrections from 0.04 
to 0.52°C. were obtained. The last six 
runs showed an average deviation of only 
0.08° C. between the predicted and observed 
temperature rises, approximately the ac- 
curacy of reading the inlet liquor tempera- 
ture recorder. Runs 5 to 22 showed devia- 
tions of the order of 0.3 to 1.2°C. These 
were traced to the faulty practice of taking 
the temperature of a small sample of outlet 
liquor drained from the tower as the outlet 
liquor temperature after the original re- 
corder bulb had corroded away. In subse- 
quent calculations the observed inlet water 
recorder temperature was taken to be cor- 
rect for runs 5 to 22. In runs 24 to 30, 
however, the inlet water temperature was 
back-calculated from the summation of heat 
effects indicated above and the observed 
outlet liquor temperature which was read 
accurately in these runs. 


MASS TRANSFER IN RUN 27 
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mm. 


1.0793 
1.0622 
1.0446 
1.0310 
1.0270 
1.0227 
1.0191 
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Experimental Number of Transfer Units. 
Calculations involved in obtaining the 
driving forces for mass transfer from_ this 
point on are illustrated for run 27 in 
Table 3 

For each run varieus liquor concentra- 
tions throughout the tower were assumed, 
and the corresponding liquor temperatures, 
t, were calculated by correcting the inlet 
water temperature for heats of solution and 
ionization and for heat leaks and losses. 
The latter were apportioned according to 
arbitrary estimates of the column lengths 
between the assumed liquor concentrations 
No allowance was made for humidification 
or dehumidification heat effects within the 
packing. This was equivalent to assuming 
that the air fraction of the inlet gas was 
instantaneously brought to equilibrium 
with the outlet liquor as it entered the 
packing and that no further transfer of 
water vapor occurred in either direction 
within the packing. This assumption 
slightly reduces the driving force for mass 
transfer of sulfur dioxide at the base of 
the tower, but it is believed not to introduce 
any serious error in a tower of this size. 
In run 27 about 1.5 water vapor transfer 
units would have been required to raise 
the humidity of the inlet air only from 
40% to 100% humidity, equivalent to about 
859% relative humidity for the mixed gas 
stream. This should have been accom- 
plished less than 1.0 ft. of packing or 
about one third of a sulfur dioxide transfer 
unit. 

The sulfur dioxide concentrations corre- 
sponding to the various liquor concentra- 
tions throughout the tower were then cal- 
culated. The mole ratios, Y, (moles sul- 
fur dioxide/mole dry air) came directly 
from material balances involving the gas 
and liquor rates and the liquor composi- 
tions in appropriate units. The partial 
pressures, p, were calculated from the 
mole ratios and the combined partial pres- 
sures. of sulfur dioxide and dry air. The 
latter, P — Pe, were found by subtracting 
the vapor pressure of water from the total 
pressure in the column. The resulting nor- 
mal operating line for run 27 is plotted in 
Figure 3. 

The equilibrium sulfur dioxide reo 
trations, C.* for equilibrium with and 
p* for equilib with C., were 
lated to the corresponding liquor temper- 
atures from a large plot of the isothermal 
equilibrium lines made at 2° C. increments. 
The isothermal equilibrium lines had been 
calculated from the relations in Table 1. 
The nature of the nonisothermal equili- 
brium lines obtained is illustrated for run 
27 in Figure 3. The normal equilibrium 
line there shown is actually made up of 
two almost coincident lines, one tor p vs. 
C:* and the other for p* vs. C+. The over- 
all driving forces for mass transfer, p — p* 
and C,*— Cz, in practice were calculated 
directly from the individual partial pres- 
sures and concentrations rather than from 
charts such as Figure 3 

It was desired also to apply Vivian and 
Whitney's (27, 30) concept of a pseudo- 
driving force based on unreacted or union- 
ized sulfur dioxide concentrations to the 
results of the present investigation. This 
concept is designed for the particular case 
of gas absorption where the solubility of 
the gas is due in part to a chemical reaction 
which proceeds slowly enough so that neg- 
ligible reaction occurs in the interfacial 
liquid film, but fast enough to produce sub- 
stantial chemical equilibrium in the bulk 
of the liquid beyond the film. 

The pseudodriving force is the difference 
between C.* and C.*, the concentra- 
tion of nonionized dissolved sulfur dioxide 
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which would be in equilibrium with the 
gaseous sulfur dioxide at the partial pres- 
sure at which it exists in the gas stream, 
is equal to H.p. He is the Henry's law 
constant for the liquor temperature con- 
cerned and may be found from the equation 
in Table 1. C. is the actual concentration 
of nonionized sulfur dioxide in the bulk of 
the liquor. It would be difficult to deter- 
mine experimentally but can be approxi- 
mated by use of the assumption made by 
Vivian and Whitney that it is in chemical 
equilibrium with the reacted or ionized 
portion. In this case, p*, the partial pres- 
sure which would be in physical and 
chemical equilibrium with Cy, is given by 
C. = H-p* since the ionized portion is non- 
volatile. Accordingly, the pseudoliquid 
driving force, C.* — C.=H.(p — p*), and 
allowance need only be made for variation 
in H,. with the liquor temperature. The 
over-all gas-phase driving force remains as 
in the normal case. The pseudoequilibrium 
line, p vs. C.* and p* vs. Cs, and the 
pseudo-operating line, p vs. Cx, have been 
illustrated in Figure 3 for run 27. 

The numbers of transfer units based on 
the over-all gas driving force, p — p*, 
the normal over-all liquor driving “Bay 
C.* ‘ts, and on the pseudoliquor driving 
force, C.* — Cu, were found by graphical 
ieonadion of the following equations 


(p — p*) 
Cus 

(7) 
In Equation (5) terms correcting for 
variation in the mean partial pressure of 
inerts have been ignored since they are 
small compared with the total number of 
transfer units in the tower. In Equation 
(7) the amount of solute transferred under 


(2s 


PSEUDO LINES 
EQUILIBRIUM 


Q00 

Fig. 3. Normal and pseudoequilibrium 
and operating lines for run 27. 
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the influence of C.*—C. must still be 
measured in terms of the change in the 
total sulfur dioxide in the bulk of the liquor 
so that the numerator still contains dC+. 
The graphical integrations for Nox and 
N'ox are illustrated for run 27 in Figure 4 


Experimental Heights of Transfer Units. 
Results of this investigation have been cor- 
related by the H.T.U. method, but they 
may easily be converted (30) to mass- 
transfer coefficients if desired by relations 
of the type 

l 
pA.a 


The authors prefer use of H.7.U. values be- 
cause of the relatively slight effect of gas 
and liquor rates on H, and He in the ap- 
proximate relation : 


Ho = (8) 


Nou 


(Hoe) 
(9) 


(He) = 


Hot = 


mG 


H.T.U. values have been calculated based 
upon the actual depths of packing involved 
and are recorded in Table 2. No correction 
has been applied for end effects at cither 
end of the tower since these effects are 
small compared with the length of the sec- 
tions tested and are probably comparable 
to the corresponding end effects in com- 
mercial towers. 

Since the relative slopes of the operating 
and equilibrium lines vary widely in each 
run from the top to bottom of the tower, 
it was difficult to select the proper average 
L/mG for use in Equation (9). The 
method adopted consisted of taking the 
ratios of the numbers of transfer units as 
follows : 

L Hao 
Hoe 


Noe 
Nou 
Hor and Hoe 
In evaluating 
use with the 
replaced by 


(10) 


This necessarily satisfies the 
relations of Equation (9) 
the effective L/m'G tor 
pseudo values, Nox was 
the pseudo N'ox in Equation (10) 


Predicted H.T.U. For comparisen with 
experimental results, predictions of the 
probable values of Hox have been made by 
the generally accepted methods which con 
sist of calculating H, and He, and com- 
bining the two into Ho: by the factor 
L/mG as indicated in Equation (9). The 
only differences between the pseudo and 
normal cases are that the factors L/mG 
will be different, and that in applying the 
pseudo H'or to tower design the pseudo 
N'ox must be used in place of the normal 
Values of Hz were predicted at / 5000 
for a number of temperatures according to 
the equation recommended by Sherwood 
and Holloway (18) for one-inch Raschig 
rings. This equation requires a value for 
the diffusivity of sulfur dioxide in water 
The value used by Whitney and Vivian 
(30) at 21.1° C. was 1.66 « 10° sq.cm./sec 
The same value, corrected for temperatures 
according to 7/a (13) was used here in 
the absence of published experimental data 
on the system. Preliminary results (24) 
of an investigation in this laboratory by 
the method of McBain and Liu (11) of 
the actual diffusivity of sulfur dioxide in 
water at concentrations of 1 to 6 wt. % 
are only slightly lower than the above 
given value. This investigation is being 
extended to lower sulfur dioxide concen 
trations such as exist throughout most 
sulfur dioxide absorbers since the propor- 
tion of ionized sulfur dioxide increases 
rapidly with dilution and may change 
materially the effective diffusivity. The 
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Fig. 4. Plot for graphi- 
cal integration to 


evaluate normal and 
pseudo number of 
transfer units. 


000s 
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predicted Hz values are plotted as solid 
lines against temperature in Figures 7 and 
8 The corresponding line for L = 7500 
would lie about 10% higher. 

Values of He were predicted for each 
of the flow conditions reported in Table 2 
using the equation for kea recommended by 
Whitney and Vivian (30). Predictions 
were made for the top of the tower where 
the equation reduces to the following form 
which is independent of temperature : 

G G* 
He = Mic ™ 1.233 (11) 
The predicted values ranged from 0.66 to 
0.79 ft., which are approximately twice the 
heights expected from the results of 
Doherty and Johnson (17) on the absorp- 
tion of ammonia from air into dilute sul- 
furic acid. However, end effects may have 
been abnormally high in their acid tower 
which had only 16 in. of 1-in. rings. 

The predicted values of Hox are obtained 
by combining Hz and He according to 
Equation (9). This has been done graph- 
ically in Figures 5 and 6 for the two 
temperature limits of 18°C. and 31°C 


using L = 5000 and an average value of 
He = 0.7 in each case. 


Correlation of Heights of Transfer 
Units 


The experimental normal Ho, values 
are plotted vs. the normal effective L/mG 
in Figure 5 along with solid lines repre- 
senting the predicted values. The points 
scatter considerably, in part due to the 
relatively close approach to equilibrium 
in this tower which magnifies the im- 
portance of errors in determining com- 
positions and temperatures. The points 
generally fall above the predicted lines, 
indicating that the latter are too op- 
timistic if used with normal No, values. 
It is difficult to draw conclusions from 
this plot as to the effect of temperature 
or liquor rate, other ‘han as these factors 
affect L/mG. There is a generally up- 


ward trend in Hog, with increase in 
L/mG as would be expected. 

Certain of the results of Whitney and 
Vivian (30) with 2 ft. of 1l-in. rings 
for the same range of liquor rates and 
for the approximate extreme limits of 
average water temperatures used in this 
investigation have been recalculated to 
the Ho, basis and are plotted in the 
Figure 5. In this case the L/mG’s were 
determined directly from the average 
slopes of the equilibrium and operating 
lines since these did not change greatly. 
The general agreement between the two 
sets of data with a ten-fold difference 
in depth of packing is excellent, and may 
reflect the careful elimination of end 
effects in the shorter tower. 

The observed pseudo H’p;, values are 
plotted vs. the pseudoeffective L/m’G in 
Figure 6 along with predicted values 
as shown by the two solid lines. The 
points are bunched more closely when 
plotted on the pseudo basis, but there 
is still considerable scattering. It is 
significant that in this case the predicted 
Hox lines pass directly through the ex- 
perimental points. 

The normal H,'s were calculated from 
the observed normal H9,'s and predicted 
Hg’s by Equation (8), and are plotted 
vs. temperature in Figure 7 along with 
the predicted values of H,. The para- 
meter of liquor rate is not shown since 
the predicted variation in H, resulting 
therefrom is only 10% for the range of 
flows utilized, and any such variation 
would be completely masked by the ran- 
dom scattering of the data. The ob- 
served values range from slightly below 
the predicted line to considerably above 
it. 

The pseudo H’,’s were calculated and 
plotted against temperature in the same 
manner in Figure 8 along with the pre- 
dicted curve and a few pseudopoints 
recalculated from Whitney and Vivian 
(30) for the same range of liquor and 
gas rates. A decrease in pseudo H’, 
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Fig. 5. Correlation of normal Ho: with normal 1/mG for 
absorption of sulfur dioxide in water. 
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Fig. 6. Correlation of pseudo H’o: with pseudo L/m’G for 
absorption of sulfur dioxide in water. 
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with temperature is evident. The ex- 
perimental points fall more or less 
evenly above and below the predicted 
line, as do the points from the data of 
Whitney and Vivian. 

The points in Figures 7 and 8 have 
been differentiated further according to 
the liquor concentration at the approxi- 
mate midpoint of the tower or section 
of the tower as estimated from the 
graphical integrations for No,;. Gen- 
erally, those values representing experi- 
ments with the lower midpoint concen- 
trations, and hence with the lower aver- 
age concentrations throughout the tower, 
gave considerably higher normal H,; and 
pseudo H’, than did the values for the 
higher midpoint concentrations. Al- 
though perhaps fortuitously, the runs 
with lower average liquor concentrations 
were fitted better by the pseudoplot, 
while those with the higher average 
liquor concentrations were more nearly 
in agreement with the normal plot. 
Somewhat the same trend is observed 
between the results obtained for the 
bottom and top sections of the tower in 
run 27 in Table 2 


Summary 

1. Mass-transfer rates for absorption 
of sulfur dioxide from air into water 
have been determined using a semi- 
works scale packed tower operating in 
the commercial range of flow rates to 
absorb nearly completely the influent 
sulfur dioxide while simultaneously pro- 
ducing 60 to 97% saturated solutions of 
sulfurous acid. 

2. Since phase equilibrium was rather 
closely approached in the experiments, 
proper calculation of results required 
use of the best possible equilibrium data. 
Therefore, practically all available 
equilibrium data for the system sulfur 
dioxide-water within the range of 
probable absorption conditions have 
been closely studied, correlated, and 
smoothed by use of effective mean ionic 
activity coefficients by a procedure 
similar to that suggested by Johnstone 
and Leppla. Relations are recommended 
which represent the equilibria between 
sulfur dioxide in a gas phase and in a 
water solution between 0 and 50° C. and 
between 0 and 800 mm. Hg. partial 
pressure of sulfur dioxide. 

3. Experimental data have been cal- 
culated in terms of values of both the 
normal and also the pseudo H.T.U. 
The latter values correspond to the 
pseudoequilibrium and operating lines 
suggested by Vivian and Whitney for 
use with systems in which the solute 
reacts chemically with the solvent at a 
rate which is inappreciable in the time 
required to diffuse through the liquid 
films but which is fast enough to give 
essentially complete reaction in the bulk 
of the liquid beyond the film. It is 
found that the results are correlated 
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considerably better by the experimental 
pseudo than by the experimental normal 
values for heights of transfer units. 

4. The mass-transfer data now re- 
ported appear to be directly and safely 
applicable to design of appropriate 
large-scale sulfur dioxide absorption 
equipment. The present results indicate 
that data carefully taken on small-scale 
laboratory equipment appear to be 
equally reliable provided that end effects 
are suitably allowed for or eliminated. 
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Notation 
¢ = concentration of sulfur diox- 
ide in liquid, g.moles/1000 
g. water 
C = concentration of sulfur diox- 
ide in liquid, Ib./Ib. water 
equilibrium concentration of 
sulfur dioxide in liquid, 
Ib./Ib. water 
G = mass velocity of gas, Ib./ 
(hr.) (sq.ft. of tower cross 
section ) 
H = Henry’s law constant, g 
moles/(1000 water) 
(mm. Hg. partial pressure ) 
He = 0.06406 H, tb./(ib. water) 
(mm. Hg. partial pressure ) 
Hg = height of gas-phase transfer 
unit, ft. 
H, = height of liquid-phase trans- 
fer unit, ft. 
Hog = height of over-all gas-phase 
transfer unit, ft. 


= height of over-all liquid-phase 
transfer unit, ft. 
ionization constant for sul- 
furous acid, g.moles/1000 
g. water (See Eq. (4)) 
= 0.06406 K, Ib./Ib. water 
gas-phase mass-transfer co- 
efficient, Ib. moles/(hr.) 
(cu.ft.) (atm. ) 
over-all gas-phase miass- 
transfer coefficient, Ib. 
moles /(hr.) (cu.ft.) (atm. ) 
liquid-phase mass-transfer co- 
efficient, Ib. moles/(hr.) 
(cu.ft.) (Ib. mole/cu. ft.) 
= over-all liquid-phase mass- 
transfer coefficient, Ib 
moles/(hr.) (cu.ft.) (Ib. 
mole /cu. ft.) 
= liquor rate, lb./(hr.) (sq.ft. 
of tower cross section) 
= ratio of slope of operating to 
slope of equilibrium line, 
dimensionless 
= average molecular weight of 
gas stream 
number of transfer units 
based on over-all gas con- 
centrations, dimensionless 
=number of transfer units 
based on over-all liquor 
concentrations, dimension- 
less 
= partial pressure of sulfur 
dioxide, mm. Hg. 
= equilibrium partial pressure 
of sulfur dioxide, mm. Hg 
= total pressure, mm. Hg. 
vapor pressure ot water, mm. 
Hg. 
= temperature of liquor, ° C 
"= temperature of liquor, ° K. 
= moles SO,/mole dry air 
depth of packing, ft. 
= mean or effective mean ionic 
activity coefficient, dimen 
sionless 
= liquid viscosity, tb./(hr.) 
(it.) 
p = liquid density, Ib. /cu.ft. 


SUBSCRIPTS: 


total sulfur dioxide 
nonionized sulfur dioxide 
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Fig. 7. Correlaton of normal H: with 
temperature for absorption of sulfur 
dioxide in water. 
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Fig. 8. Correlation of pseudo Hi’: with 


temperature for absorption of sulfur 


dioxide in water. 
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Ho 
K 
ky 
Kg 
ky 
L/m 
No 
No 
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ionized sulfur dioxide 
condition at bottom of packed 
section 
= condition at top of packed 
section 


SUPERSCRIPTS: 


’ = pseudo values 
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Discussion 

R. S. Sunderlin (Eston Chemicals, 
Inc., Los Angeles, Calif.) : This prob- 
lem on the absorption of sulfur dioxide 
in water is of increasing importance, not 
only to producers of liquid sulfur diox- 
ide but also to users as well—especially 
here in Los Angeles County. 

A few questions are of importance 
to me: Has the presence of SO, or 
H2SO, mist in the absorber feed gas 
any effect on the value of C, in your 
correlation of equilibrium data? It 
would seem that, although the majority 
of the SO,;—H,.SO, fog passes on 
through the tower unabsorbed, any small 
concentration of sulfuric acid would 
provide sufficient hydrogen ions to 
repress appreciably the ionization of 
sulfurous acid. If this is true, your data 
are subject to correction since you were 
working with straight SO,—air mix- 
tures. 

Also, have you considered the effect 
on absorption rate of sublimed sulfur 
coatings which are always present on 
commercial SO, absorber packings ? 

It would also be of practical interest 
to know the effect of higher inlet gas 
temperatures, say 40 or 50° C. It is no 
doubt justifiable to assume instantaneous 
humidification in your tower as it was 
operated, but on the other hand it is my 
experience that most towers are taking 
feed gas from sulfur burners in the 
range of 35-50° C. 

F. B. West: With regard to question 
number one, the effect of absorbing any 
SOx from the gas would be to produce 
sulfuric acid and additional hydrogen 
ions. This would repress the solubility 
of the SO, due to decreasing its degree 
of ionization. One should be able to 
calculate the effect if one knew how 
much SOs was absorbed. In answer to 
question two, we have not discharged 
the rings since beginning the investiga- 
tion, but we have observed no such coat- 
ing on the packing through windows 
in the tower. 

Your third question refers to the 
effect of higher inlet gas temperatures. 
In our calculations we made the arbi- 
trary assumption that the inlet gas would 
be cooled and humidified instantaneously 
to equilibrium with the outlet liquor. 
This was done to simplify the calcula- 
tions. It should not introduce any par- 
ticular error, at least in our work with 
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inlet gas temperatures of 30 to 37° C. 
I do not think that this assumption 
would be much in error for inlet gases 
at higher temperatures. Considering 
that humidification involves primarily a 
gas phase H.7.U., and that SO, absorp- 
tion involves both a gas phase H.T.U. 
and an unusually large liquid phase 
H.T.U., the first SO, absorption trans- 
fer unit should be equivalent to several 
humidification transfer units. As a re- 
sult the higher inlet gas temperatures 
should not affect the results much except 
as they affect the outlet liquor temper- 
ature. This, however, is simply my 
opinion. We have no experimental data 
on this point. 

Fred Hartley (Union Oil Company 
of California, Los Angeles, Calif.): 
Your paper dealt with the absorption 
of SO, in the range of 7 to 15 mole %. 
The oil industry is concerned with SO, 
removal from stack gases in which the 
SO, concentration varies between 0.1 
and 0.3 mole %. Can you give us an 
idea of the volume of water required 
to treat, say, 400,000 std.cu.ft./min. of 
such stack gas to dissolve the SO, with 
the degree of efficiency referred to in 
your paper? 

F. B. West: I cannot give youa di- 
rect answer on that. In our 25 to 32° C. 
runs we used liquor rates of 5000 to 
7500 Ib./(sq.it.)(hr.) and gas rates of 
the order of 210 Ib./(sq.it.) (hr.). The 
volume of water required to absorb the 
concentrations you quote would be much 
less in proportion for comparable tem 
peratures due to the low slope of the 
equilibrium line in this region. The low 
slope is due to the degree of ionization 
being of the order of 70% or so in this 
region compared with about 25° for 
our higher concentrations. You could, 
therefore, use proportionately less 
water, but I could not say how much 
less, 

Fred Hartley: | understand the Bat- 
tersea power station in London, Eng 
land, uses huge volumes of water to 
scrub the stack gas for SO. removal. 
Do your data indicate that the volume 
of water required would be less? 

F. B. West: We have no experimen- 
tal data to back up my opinion that 
proportionately less water could be used 
than in our investigation. One run has 
been made at a much lower SO, con- 
centration, but the results are not yet 
available. We are interested in extend- 
ing our investigation to conditions 
where the chemical reaction will be more 
important, which it should be at these 
low concentrations. It may be that the 
treatment of Whitney and Vivian is not 
conservative enough when 80 to 90% of 
the dissolved SO, is ionized at chemical 
equilibrium. We have no data on this 
point as yet. 


(Presented at Los Angeles (Calif.) 
Meeting.) 


May, 1951 


<6, 

2 
‘ 
=) 
28. 
ay 

29. 

30, 

30. 

| 

x ‘ 

; 

t 

1 

Ki 

4 

>» 
22. 

: 
7 > 

23. 

24. 

25. 

— 


AN ALGEBRAIC SOLUTION OF 
McCABE-THIELE DIAGRAM 


M. R. BEYCHOK 


Rothschild Oil Company, Santa Fe Springs, California 


UCH study has been devoted by 

some to the correlation of design 
variables with efficiency data of frac- 
tionation tower trays (1-3, 6, 9, 13, 15). 
Others have studied the effects of oper- 
ating variables vapor velocities, 
liquid loads, and reflux ratios) on tray 
efficiencies (2, 5, 9, 12). 


In attempting to evaluate such studies, 
or in undertaking further research 
work, it is necessary to have an alge- 
braically exact method of calculating 
individual tray well as 
sectional efficiencies. The method should 
be one that lends itself to many repeti- 
tive calculations and which permits pre- 
cise duplication of results. Since inves- 
tigations in this field are usually under- 
taken with binary mixtures, the method 
must be applicable to binary fractiona- 
tion. 

The McCabe-Thiele 
even with large 3- 


efficiencies as 


diagram (7), 
to 4-ft. plots, does 
not yield duplicable results. The Fenske 
equation (4) is limited to cases of total 
reflux. The Smoker Equation (14) and 
plate-to-plate calculations are tedious. 

This paper presents an algebraic solu 
tion of the McCabe-Thiele method 
which lends itself to repetitive, “form- 
sheet” calculations and which avoids 
diagram drafting errors. The method 
was primarily and specifically derived 
for use in experimental studies involving 
a great number of efficiency calcula- 
tions. 


Preliminary Data and Assumptions 


It is assumed that vapor-liquid equi 
librium data are available in the X-Y 
form, or can be derived from relative 
volatilities, partial pressures, or other 


TABLE 1 VAPOR LIQUID 


EQUILIBRIUM 
DATA FOR 


ACETONE-ETHANOL 
y 
(mole fraction 
acetone in 
vapor) 


(mole fraction 
acetone in 
liquid) 


0.000 
0.100 
0.200 
0.300 
6.400 
0.500 
0.600 
0.700 
0.900 
1.000 


0.000 
0.262 
0417 
0.524 
0.605 
0.674 
0.739 
0.802 
0.865 
0.929 
1.000 
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data. For illustrative purposes, this 
paper will use data for the system 
acetone-ethanol at atmospheric pressure 
(10). 

It is assumed that the flows and analy- 
ses indicated below are available. It is 


also assumed that samples are obtained , 


from tray downcomers and represent the 
liquid leaving the trays. 


Derivation of Method 


Figure 1 presents the usual X-Y plot 
of the data in Table 1. Trays are num- 
bered from top to bottom. When the 
overhead vapors are totally condensed 
and divided into reflux and draw-off, 
Xp represents liquid composition enter- 
ing the top tray, and is equal to the 
vapor leaving that tray. Partial conden- 
sation of overhead vapors results in 
additional fractionation and X, is no 


longer equal to the overhead vapor. In 
both cases, Xp can be obtained by 
sampling the reflux. However 
total condensation is more common in 
experimental studies, partial condensa- 
tion is not considered here. Point X, 
represents the tower bottoms composi- 
tion and is obtained by sampling at a 


since 


point where the liquid has been reboiler 
Points X,", X,*", etc., repre 
sent actual liquid entering the trays, and 
X,", ete., represent actual liquid 
leaving the trays. Obviously, X," = 
X_" = etc. 

The lines Xp-X, and X,-X» repre 
sent liquid and vapor compositions at 
any point within the tower, and their 
slopes are fixed by the internal reflux 
ratio, L/I’, in their respective column 
sections. X, is the intersection of the 
two operating lines. The total liquid 
composition change a tray can accom 
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1.0 


8 


IN VAPOR 


4s° 
Xe 


Y=MOL FRACTION ACE TONE 


x* 


R 


oO O02 


0.4 


0.6 08 1.0 


X=MOL FRACTION ACE TONE 
IN LIQUID 


Fig. 1. Conventional McCabe-Thiele diagram. 
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Fig. 2. Typical operation in rectification. 


plish at a given L/V is represented by 
the horizontal distance from the operat- 
ing line to the equilibrium curve. 
Figure 2 depicts more usual condi- 
tions for the rectification zone. Points 


X,"%, ete., still represent actual 
liquid compositions leaving the trays. 
Points X,*%, etc. (on the equili- 
brium curve) represent the theoretical 
liquid compositions which trays 1 and 2 


0.9 


4 


IN VAPOR 


Y=MOL FRACTION ACE TONE 


08 0.9 


X=MOL FRACTION ACETONE 
IN LIQUID 


Fig. 3. Proof of Equation (9). 
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might reach if they were 100% efficient. 
Thus, distances — X,", — X,", 
etc., represent actual liquid composition 
changes and are denoted as Ae. Dis- 
tances —X,%,. X,¥—X,%, etc., 
represent the theoretical maximum 
changes which trays 1 and 2 could ac- 
complish and are denoted as At. There- 
fore, m,, the Murphree liquid efficiency 
(8) for tray m can be written as 
/At, ) 100. 

The points X,*, X,", etc., represent 
intersections of the 45° diagonal with 
horizontal extensions of lines X,*¢- 
Xz, etc. The dis- 
tances AX, and AL, _ represent 
X,*° and respec- 
tively. 

Figure 2 reveals that: 


%™ = (Aa,/At,) 100 (1) 


(2) 
X,* and are obtained by down- 
comer sampling and Aa, is available. 
However, AL, and AX, are still lacking. 
Since AL, represents the horizontal dis- 
tance between the equilibrium curve and 
the 45° diagonal, it is independent of 
the reflux ratio, L/V, and is a constant 
at any point m. AL, values can be cal- 
culated as follows: 


= — (3) 
= ¥, (4) 


Using the X-Y data in Table 1, AL, 
values were obtained by Equation (4) 
and plotted against X,*5 = Y,°¢. Inter- 
polation from that plot yielded additional 
values for Table 2. 

The interpolation procedure for ob- 
taining Table 2 should be carefully exe- 
cuted and preferably by a single indi- 
vidual. Table 2 is merely another 
method of tabulating vapor-liquid equi- 
librium data, i.e, Y vs. Y-X. Incre- 
ments of X,* should be small enough 
to exclude need for interpolation. Once 
compiled to the desired degree of ac- 
curacy, Table 2 should be used then in 
all calculations. 

Referring to Figure 3, the two legs 
of the 45° triangle Xp)-A-X,® are 
equal, and hence Xp-A = Xp —X,™. 


C8 on 


TABLE 2.—VAPOR-LIQUID IBRIUM 
DATA IN AL FO 
0.525 
0.550 
0.575 
0.600 


1.0 
eq s 
«q 
Vise 
ec 
x45 
re 
Aa 
: 
4 
4 
' 
n L 
0.7 
0.200 0.132 0.62 0.197 | 
0.225 0.145 0.650 0.186 
0.250 0.156 0.675 0.175 
0.275 0.168 0.700 0.160 
0.325 0.188 0.750 0.133 
0.350 0.197 0.775 0.117 
0.375 0.205 0.800 0.103 
0.400 0.213 0.825 0.@88 6 
oe 0.425 0.218 0.850 0.073 
eee 0.450 0.221 0.875 0.058 
0.475 0.224 0.900 0.046 
0.500 0.225 
; 
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Since the operating line slope Problem A; Calculate individual tray efficiencies of (1) trays 1, 2, 3 in rectifying 
to the reflux ratio, Lp/I’p:* zone, and (2) trays 7, 8, 9 in stripping zone. 


0.103 0.080 


0.130 0.070 
0.153 0.070 


Xp — + AX, ) Average = 
. 0.058 
(9) ’ 0.087 
The calculation of a Murphree liquid a 
efficiency for tray m in the rectifying Average = 80.7% 
zone is summarized below: 


Given: Problem B: Calculate sectional efficiencies from (1) top-tray inlet to tray-3 exit, 
a. Equilibrium data in the form of 4nd (2) from tray-7 inlet to tray-9 exit. 

b. Internal reflux ratio, x. (1) Tray Xs Xo — Xs AX. X- AL. Ate 
c. Composition of liquid entering and 0.800 0.000 0.000 0.800 0.103 

leaving tray n. oe 0.697 0.103 0.044 0.741 0.138 
d. Top distillate composition, Xp. 0.603 0.197 0.085 0.688 0.167 
Step 1: 0.521 

om , a 
Aan = Xn" — Xn (10) Tray 3 actual exit composition is 0.580. Thus, 


AX, = (Xn — X.*)(1— Theoretical trays = 2 + = 2.280 
Step 3: 


Step 2: 


= Xe + (12) 
Step 4: 
AL, = {(Xs*) (13) = 
f(X.*) = function of obtained from 
Table 2 (2) Tray xX." 
Step 5: 
fos 7 0.430 
At. = Al. (14) 


Step 6: 0.242 


9 
ta = (Aan/Atn) 100 (15) 10 0.124 


Analogous treatment of the stripping 0.242 — 0.185 


zone yields the following procedure : Theoretical trays = 2 + 9549 0.124 


Step 1: Actual trays = 3.000 
Aa, = X.* — (16) 


480 
Step 2: 2= 3000 * 100 = 82.7% 


AX, = Xs ) (Le/Vs —1) 
(17) 

Step 3: Problem C: Calculate sectional efficiency from (1) top-tray inlet to bottom-tray 

X.* = X.* + AX, (18) exit, and (2) from top-tray inlet to reboiler-cycled bottoms. 
Step 4: Fi Since feed enters as a saturated liquid, gq = 1, and from Equation (34): 

AL. = f(Xs*) (19) X, = Xp = 0.450 

At. = AL. — AX (20) If feed enters at some other thermal condition, then ¢ 1, and L2/D, which is needed 

Step 6: Equation (34), would be obtained from a materia! balance as follows : 


= (Aan/At,) 100 (21) 


Step 5: 


The difference in rectifying or stripping 
zone equations lies in Step 2. P 
Thus far, the method deals with indi- L./D = V2/La—1 

vidual tray efficiencies. In practice, it is 

difficult to obtain accurate downcomer (1) Tray Xo —X,* AX, X.* 

samples, and an individual tray efficiency 0.800 0.000 ’ 0.800 

has little meaning unless the experimen- 0.697 0.103 . 0.741 

tal tower has 15-20 plates and an aver- 0.603 0.197 0.688 

age efficiency is determined. Adjacent 0.521 0.279 . 0.641 

trays may vary as much as 10%-15% 0.459 0.341 . 0.606 
y vary 0.401 

under seemingly excellent conditions of 

dynamic stability. One solution is to use tems 0.459 — 0.450 

an average efficiency as the criterion of 

A more reliable criterion is a sec- E 

0.450 0.350 0.151 0.601 

* The scope of this paper does not include 0.393 0.293 0.126 0.519 


the methods of determining internal reflux 0.295 0.195 0.084 0.379 
ratios. 0.173 
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777 
2 0.720 0.080 0.034 0.754 72.9 
(7) 3 0650 0.150 0.065 715 79.5 ‘ 
\-- 4 0.580 
x." AL. Ate 
0.572 0.217 0.075 a 
0.465 0.223 0.113 
0.142 0.061 0.303 0.179 0.118 H 
(i | 
| 
4 | 
AL. At. \ 
| 0.103 0.103 
0.138 0.094 
0.167 0.082 
0.182 0.062 
0.205 0.058 
4.155 
AL. Ate 
0.208 0.057 
0.224 0.098 
0.206 0.122 
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0.295 — 0.185 
Stripping theoretical trays = 2 + 0.295 — 0.173 


To obtain a sectional efficiency including the reboiler, another step is needed : 
(2) Tray X," X.* AX, X." AL. Ate 
4 0.173 0.073 0.031 0.204 0.134 0.103 

5 0.070 


aoe 0.173 — 0.100 
Stripping theoretical trays = 3 + 0.173 — 0.070 


4.155 +. 3. 720, 


10.000 100 


Problem D: The method can also be adapted to design work. If all the trays in 
the tower to be designed are the same, the number of theoretical trays is determined 
as outlined above for a sectional efficiency. Using a known, or assumed efficiency, 2, 
the number of actual trays required is obtained from: 


Actual trays = theoretical trays/n 
If all the trays in the tower are not the same, and therefore do not have the same individual 
efficiencies, the procedure would be: 
AX, = (Xn — (1 — La/V 2) 
= + AX, 
ALa 
= Aln—AXn 
Nan = Ata) 
where » is assumed or known for that tray. 


etc 


tional efficiency. The calculation of a_ last tray of the section is reached 
sectional efficiency is a determination passed. If the analysis is passed, the 
of the theoretical plates required to go fractional part of that theoretical step 
from one actual analysis to the analysis is calculated. The number of actual 
at the other end of the section. Starting trays includes all trays within the tower 
at the top: between the two analyses. The sectional 
efficiency is: 
1. = Xo 22) 
2. AX. = 0 (since Xv — X,* 

= 0 at top tray) (33) 


(23) 


» = (theoretical trays /actual trays) 100 


If the reboiler is in the chosen sec- 
= X."7+0= X," tion, it is counted as one actual tray. 
4. AL, = f(Xs*) 5 However, it is more accurate to avoid 
‘ such a choice, since reboiler efficiency 
At, = Al, —0 = is usually higher than tray efficiency. 
The theoretical composition change If the section includes the feed tray, 
for the top tray having been determined, the procedure is as follows: 
it is subtracted from X,"” to obtain 


a. Determine the theoretica 
and the procedure is continued. 


reach the intersection of the operating 

Xan = Xa" — At 27) Xe. 
1 (27 Starting at and using the stripping 
2 = zone equations, calculate the theoreti- 
(tudes (28) cal trays to reach the liquid analysis 
leaving the section's last tray (or the 
3. XS + (29) bottoms analysis if reboiler is in- 

cluded). 
4. = (30) may be determined from (11) : 


5. Ates = Ales —AXes (31) +1) +Xo(q—1) 
For the third tray: q+Le/D 


(34) 
1. X = X8 — Alors (32) 


where : 


Ete. Xr = mole fraction of more volatile 


component in total feed (liquid 
This stepwise method is continued plus vapor) 


until the analysis of liquid leaving the Le = rectifying zone liquid reflux 
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q = heat needed to bring | mole of 
feed to the saturated vapor state 
divided by heat of vaporization 

d. » =(theoretical trays/actual trays) 100 


(35) 


Example Calculations 


= 0.800 = 
“= 0.720 
= 0.650 
* = 0.580 
= 0.430 
= 0.372 
= 0.285 
= 0.185 = X, 
= 0.100 
= 0.450 (feed enters in saturated 
liquid state) 
= 0.57 (1 — Le/Ve = 0.43) 
= 143 (Ls/Vs —1 = 0.43) 


Notation 


> mole fraction of more volatile 
component in liquid 

= mole fraction of more volatile 
component in vapor 

= internal liquid downflow in 
moles /unit feed 

= internal vapor flow in moles/ 
unit feed 

= overhead draw-off in moles/ 
unit feed 

any tray 

= actual tray liquid composition 
change 

= theoretically attainable liquid 
change for tray 

= horizontal distance from oper- 
ating line to 45° diagonal 

= horizontal distance from equi- 
librium line to 45° diagonal 

= Murphree tray liquid effi- 
ciency, % 


RIPTS: 


= trays numbered from top to 
bottom 
= overhead draw-off 
= tower bottoms 
rectifying zone 
stripping zone 
total feed (liquid and vapor ) 
= intersection of operating lines 
bottom tray 
= any tray 


SUPERSCRIPTS : 


® = entering tray 
leaving tray 
lying on equilibrium curve 
lying on 45° diagonal 
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LETTER TO THE EDITOR 


LIQUID METAL HEAT- 
TRANSFER COEFFICIENTS 


Sir: 


The paper, Metal Heat- 
Transfer Coefficients,” in the February 
number is an excellent example of the 
kind of research being done in the field 
of transfer processes—undoubtedly good 
work, but largely wasted because the 
fundamental work has not yet been done. 
As Gilliland points out in the January 
number, “our research problem should 
be able to develop a more fundamental 
approach to the problem.” 

So far as the basic physics of the 
problem is concerned we have not ad- 
vanced beyond Reynolds’ concept pub- 
lished in 1874, and so well illustrated by 
Lyon’s Figure 1. Our progress has been 
along the lines of describing the concept 
and devising approximations, such as the 
core, film and buffer zone model intro- 
duced in 1930 by Eagle and Ferguson, 
for which mathematical expressions can 
be more easily obtained. 

Gilfiland seems to advocate abandon- 
ing the laminar film hypothesis, saying 
“Turbulence is undoubtedly a phenom- 
enon that increases progressively from 
the wall—,” but that he really means 
this is not clear, since the rest of the 
sentence is “rather than by discrete 
jumps as implied in a film-core type of 
concept.” The writer is not willing to 
discard the laminar film hypothesis until 
there is a good reason for doing so. 
Considering the difficulties of measuring 
velocities close to the wall, it may be a 
long time before there is conclusive ex- 
perimental proof that turbulence does or 
does not exist at the wall or close to it. 


“Liquid 
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It is unfortunate that Nikuradse made 
undisclosed adjustments to his measure- 
ments which have caused many later in- 
vestigators to fall into error; it is not 
possible to say that Lyon has had this 
misfortune, since he does not detail how 
he used Nikuradse’s report. 

It is not necessary to choose between 
progressive increase of turbulence and 
discrete jumps; considering turbulence 
as a flow mode in which the velocity 
gradient is less than it would be for 
laminar flow, the difference between the 
actual velocity gradient and that calcu- 
lated for lafhinar flow may decrease con- 
tinuously as the wall is approached but 
become zero at a finite distance from the 
wall, 

Progress in this field will come more 
rapidly the writer believes when chem- 
ical engineers think more Oiten as aero- 
nautical engineers do about turbulence, 
that turbulence is a mode of fluid motion 
in which groups of molecules act to- 
gether. The thing to stress is not the 
macroscopic disorder, but the submicro- 
scopic order. Chemical engineers are too 
apt to look at the eddying motion as 
irregular, and contrast it with the as- 
sumed regular motion of laminar flow. 
But this point of view is valid only when 
we are concerned principally with trans- 
fer in the flow direction, for only for 
velocity in the flow direction do the 
molecules exhibit correlation in laminar 
flow. The great contribution of Taylor 
was his stress on correlation of the fluid 
particles for velocity at right angles to 
the flow direction. While aeronautical 
engineers have adopted Taylor's con- 
cepts, in chemical engineering literature 
Taylor is mentioned chiefly in connec- 
tion with his independent derivation of 
an approximate mathematical expres 
sion for Reynolds’ analogy. 

If, following Taylor's lead but using 
words more familiar to chemical engi- 
neers, we think of turbulence in terms 
of a group of molecules having an 
average velocity at right angles to the 
flow direction, the effectiveness of the 
group is dependent upon two magni- 
tudes, the size of the group and the 
speed at which it is moving normal to 
the flow. The size of the group is 
analogous to the scale of the turbulence, 
while the speed is related to the intensity. 
There is some experimental evidence to 
the effect that the group size decreases 
continuously from pipe center toward 
the wall, but that the group speed in- 
creases. If this be so, the product of 
the two factors, which is a measure of 
the transfer effectiveness, may have a 
maximum somewhere between the center 
and the wall, and it may become zero 
at a finite distance from the wall. 

The mixing length theory of Prandtl 
has some points of similarity to the cor- 
relation concept, but taking the mixing 
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length as proportional to the distance 
from the wall is not justified. 

By appropriate mathematical manipu- 
lation it is possible to obtain formulas 
which reproduce experimental results 
well within their probable error, as 
shown in the writer's 1937 paper 
(Trans. Am. Inst. Chem. Engrs., 33, p. 
474), which utilizes the two-factor for- 
mulation for turbulence, but does not 
explain the underlying theory which was 
not then appreciated. 

We are all agreed that momentum, 
and transfer are different 
aspects of a single entity. With isother 
mal flow of a homogeneous fluid it is 
possible to balance the heat and mass 
transfer aspects so that momentum 
transfer can be studied as though it were 
taking place alone, but the same cannot 
be done for heat or mass transfer. It 
follows that the best way and the only 
fundamental way to attack the problem 
is one which will first yield a solution 
for the momentum transfer. Until we 
know how the velocity varies with dis- 
tance from the wall in the simple case 
all research in transfer must be but a 
fumbling for isolated facts whose sig- 
nificance when they are found remains 


heat mass 


unknown 

There does not seem to be much hope 
in further efforts to study turbulence 
near a pipe wall with devices such as 
pitot tubes and hot wires which them- 
selves change the flow conditions. We 
must use a tool which is sensitive to 
fluid velocity but to which fluid velocity 
is msensitive. 

Perhaps it would be possible to intro- 
duce through the wall of a pipe a stream 
of alpha particles of known range in the 
fluid flowing through the pipe; this 
might be done if the pipe wall had a 
thin spot and some polonium were 
brought close to it. The ions formed 
could be detected downstream. Various 
experiments might be made with steady 
and pulsed introduction. For example, 
one might measure the time interval 
between the instant of creating ions at 
a certain point in the flow and the 
instant at which sons were detected at 
some other point. 

If our Institute had a Committee on 
Fundamental Research which had the 
duty of pointing out problems for which 
solutions are needed and of encourag- 
ing work on their solution, this problem 
of turbulent flow would be the one which 
the writer would recommend that they 
put at the top of the list. Certainly our 
pride in chemical engineering research 
should not be great while our knowledge 
of turbulent flow is so incomplete. 


Ozone Park, N. Y. 
March 6, 1951 
Benjamin Miller 
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THE DESIGN OF A CONTINUOUS COLD 
RUBBER PROCESS 


MARVIN W. LARSON 


B. F. Goodrich Chemical Company,t Cleveland, Ohio 


oO; of the major accomplishments 
in the postwar, government-spon- 
sored program of GR-S American rub- 
ber production was the development of 
cold rubber. The year 1948 found a 
substantial portion of the government- 
owned GR-S plants being converted to 
cold rubber because of its superior 
properties. 

Cold rubber differs from regular 
GR-S “hot” rubber by reason of the 
lower temperature of polymerization of 
41° F. instead of 122° F. The stripping, 
coagulation and drying procedures re- 
main relatively unchanged. To accom- 
plish the polymerization reaction at the 
lower temperature while still maintain- 
ing the same reaction rates without 
sacrifice of production capacity necessi- 
tates the use of a considerably different 
polymerization recipe, one that is greatly 
activated by more potent catalysts or 
initiators and additional activators. 
tA division of the B. F. Goodrich Co. 


INITIATOR 


In 1948, plans were initiated to con- 
vert the first half of the government- 
owned 60,000-ton per year plant at Port 
Neches, Tex., to cold rubber production. 
This plant is operated by the B. F. 
Goodrich Chemical Co., and engineering 
and design work for this conversion was 
performed by its engineers. The plant 
was then polymerizing hot rubber by the 
continuous method, having successfully 
converted from the batch process to con- 
tinuous in 1945; however, early cold 
rubber development work, both in the 
pilot plant and other production plants 
had indicated excessively long induction 
periods and slow reaction rates which, if 
not improved, would make continuous 
cold rubber impractical. 

The urgency of the conversion would 
not permit postponement of work until 
the obstacles to the continuous process 
were removed. Realizing the many ad- 
vantages of continuous polymerization, 
and believing that development work 


EVACUATION 


ACTOR 


BUTADIENE VAPOR 


TO MONOMER 
RECOVERY PROCESS 


Fig. 1. Batch process for polymerizing cold rubber. 
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would eliminate the difficulties with the 
cold continuous process, Goodrich de- 
cided to design the process for initial 
production on a batch basis with pro- 
visions for rapid conversion to continu- 
ous as soon as development work indi- 
cated such a step was practical. Equip- 
ment was designed to perform under 
either type of operation and piping was 
designed to permit rapid insertion of 
“line blinds” and “spool pieces” to con- 
vert from one type of operation to the 
other. 

Table 1 presents a typical polymeriza- 
tion recipe for cold rubber. 


Figure 1 shows the batch process for 
polymerizing cold rubber. The feedstocks 
are charged to the 3750-gal. glass-lined 
reactors batchwise through feedstock cool- 
ers which cool the ingredients to 41° F. by 
use of retrigerated brine. In order to 
minimize reactor downtime the ingredients 
are charged as rapidly as possible. The 
speed with which this can be done is limited 
by the size of the charge pumps and, more 
unportant, by the permissible cooling ca 
pacity of the refrigeration system and the 
size of the feedstock coolers themselves 

As soon as all the soap solution, activator. 
butadiene, styrene and modifier are charged, 
the initiator is added. At this time polym- 
erization of butadiene and styrene starts 
and proceeds until the desired monomer 
conversion 1s reached. To remove the exo- 
thermic heat of polymerization a coolant is 
circulated through the reactor jacket. While 
cooling tower water was used in hot rubber 
production, a refrigerated coolant is neces- 
sary to maintain the 41° F. polymerization 
temperature required here. At the desired 
conversion point the batch is “blown down.” 
This term is a carryover from hot rubber 
polymerization. At 122° F. the unc mverted 
butadiene exerted enough vapor pressure to 
permit transfer of the batch from the re- 
actor to the blowdown tank by virtue of 
the butadiene vapor pressure and the 
slightly higher elevation of the reactor ; 
however, at 41°F. the butadiene vapor 


TABLE 1. 


Material 
Butadiene .. 
Styrene 
Cumene hydr 

Sulfole (modi 
Dresinate 214 7 
Trisodium phosphate 
Ferrous sulfate .... 
Potassium pyrophosph. 
Glucose 

ater 


. 
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pressure is negligible and the batch must be 
pumped to the blowdown tank. “Shortstop” 
solution is added at the pump suction to 
stop the polymerization reaction. Simul- 
taneously, with the reactor blowdown, buta- 
diene vapor is admitted at the top of the 
reactor. The cold reactor walls cause buta- 
diene condensation, the condensate serving 
to flush the walls of the reactor free oi 
latex, thus preventing freezing on the re- 
frigerated walls. At the conclusion of the 
blowdown operation, the reactor is eva 
cuated to reduce the amount of reaction 
inhibiting oxygen in the system. Steam is 
added to the blowdown tank to heat the 
latex preparatory to latex stripping and 
recovery of unreacted monomers. 

Figure 2 shows the continuous process 
for cold rubber production. In this process 
the hydrocarbon-water emulsion flows con- 
tinuously through twelve 3750-gal. reactors 
in series, at the rate such that the hold-up 
time in the system represents the reaction 
time of the process. The raw materials are 
added at constant flow rates to the charge 
header, the rate of each ingredient being 
controlled by a flow-controller recorder or 
proportioning pump in the same manner as 
in continuous production of hot rubber. 
Soap solution, initiator, butadiene, styrene, 
modifier and activator are added to the 
charge header in that order. The emulsion 
is then cooled continuously in the feedstock 
cooler with refrigerated brine. After leav- 
ing the charge cooler the emulsion enters 
the bottom of the first reactor, overflows 
from the top of the first reactor and on to 
the second reactor, etc. After leaving the 
12th reactor the latex passes through ten 
“displacement tubes” in series, latex enter- 
ing the bottom of the tube and overflowi ing 
from the top. The tubes are 18 in. in 
diameter and 30 ft. high and have a volume 
equivalent to about one tenth of one of the 
large reactors. The primary purpose of 
these tubes is to provide small volume ves- 
sels which are representative of small in- 
crements of the reaction time. Shortstop 
may be added at the top of any one of the 
tubes thus providing a simple method of 
varying the reaction time by small incre- 
ments when desired without changing flow 
rates. A back-pressure regulator is pro- 
vided to assure against butadiene vaporiza- 
tion and to maintain constant flow condi- 
tions in the polymerization system. Since 
the entire system is hydraulically filled, the 
raw material feed pumps provide the neces- 
sary pressure to transfer the latex to the 
blowdown tanks without the use of the 
blowdown pump necessary for batch blow- 
down. 

Figure 3 shows a line of reactors used 
in continuous oetymerication Reactors are 
insulated with 5 in. of vegetable cork. Due 
to the relatively large mass of “in process” 
material involved. the continuous method is 
definitely limited to processes where fre- 
quent changes in product specifications are 
not necessary and where large capacities 
are needed. 


The selection of refrigeration equip- 
ment for the process was influenced 


markedly by local conditions. The exis- 
tence of open nonpressure-type jackets 
on the reactors prevented the use of di- 
rect refrigeration with refrigerant in the 
jacket. This factor plus the availability 
of 15-lb. exhaust steam at a low cost 
gave preference to the “package”-type 
centrifugal machine and 15-lb. steam 


Fig. 3. 3750-gal. polymerization » 
reactors. 
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turbine drive with its inherently low 
maintenance cost, short refrigerant lines, 
small floor-space requirements and com- 
pletely automatic operation. Economical 
steam-condensing vacuum was deter- 
mined to be 26 in. Hg. Surface-type 
steam condensers were used to permit 
recovery of steam condensate. In an 
effort to make the refrigeration system 
independent of an electric power failure, 
and to furnish balanced steam require- 
ments, brine pumps and condensate re 
turn pumps were both steam-turbine 
driven. To insure dependable steam sup 
ply, a steam “loop” was installed to pro 
tect against steam line failure. 

The selection of refrigeration coolant 
and refrigeration capacity provided an 
interesting part of the design. As men 
tioned previously, the existing reactors 
had nonpressure-type jackets. These 
jackets were the only practical means by 
which heat of polymerization could be 


TUBES 


Continuous cold rubber process. 


removed, Their limited amount of heat 
transfer surface established the heat 
transfer characteristics and temperature 
necessary for the refrigeration coolant. 

Because of the pseudoplastic char 
acteristics of GR-S latex and high foul 
it would be difficult if not 
calculate accurately the 
heat-transfer coefficient or ex 
trapolate it from pilot plant data and 
theoretical latex properties. Fortunately 
several other plants had operated pro 
duction reactors on cold rubber and data 
sub 


resis 


ing factors, 
impossible to 
reactor 


on these 
trecting 
tances 


runs were available. By 
theoretical jacket film 

jacket fouling factors and wall 
resistances from the actual over-all 
heat-transfer resistance, the true latex 
film coefficient was calculated. The re 
actors were originally equipped with 
jacket-agitating nozzles and conse 
quently by proper sizing, it was possible 


to increase jacket velocities to those 
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Fig. 4. Refrigeration horsepower vs. coolant temperature. 


optimum for the cold rubber design. The 
rate of polymerization conversion and 
heat evolution in the cold rubber reac- 
tion is relatively constant throughout the 
cycle. There is, however, a point of 
maximum latex viscosity toward the end 
of the reaction time, which makes the 
heat-transier coefficient lowest at that 
point. Consequently minimum brine 
temperature must be maintained for this 
part of the reaction cycle. 

Theoretical coolant temperatures were 
calculated for various coolant properties. 
Results of these studies are presented 
in Table 2. 

The obvious advantage of calcium 
chloride brine from the standpoint of 
heat transfer, safety and economy is 
somewhat offset by its increased cor- 
rosive properties ; however, after inspec- 
tion of numerous brine systems, it was 
decided that proper use of corrosion in- 
hibitors would minimize this disadvan- 
tage and calcium chloride brine was 
chosen as the coolant. 

A certain amount of flexibility was 
possible in designing the refrigeration 
system by variation of brine circulation 
rates and the interdependent brine tem 
perature. Figure 4 shows the results of 
this study. The optimum cold brine tem- 
perature was 8° F. At brine tempera- 


Coolant 


24% brine 

B2% Methanol 

Stoddard solvent 

60% THFA 
(tetrahydrofurfurol) 

40% Ethanol 

Kerosene 

45% Ethylene glycol 


108 


Flash Point 20% 
F 


117 
100-165 
247 


ture lower than the optimum, refrigera- 
tion machine horsepower increases at a 
greater rate than brine pump _ horse- 
power decreases, while at temperatures 
above the optimum, brine pump horse- 
power increases much faster than re- 
frigeration machine horsepower de- 
creases. The point of minimum equip 
ment cost is also coincident with the 
point of minimum horsepower expendi- 
ture. 

A 5° F. brine temperature was chosen 
for refrigeration specifications thus pro- 
viding a potential 20° heat-transfer 
design safety factor at not too great a 
deviation from the 
brine temperature. 

Calculation of the refrigeration ca- 
pacity required for a 30,000-ton per 
year production line yielded the results 
shown in Table 3. 

Heat of polymerization is the exo- 
thermic heat liberated during the 
polymerization reaction. Calculations 
were based on a 600 B.t.u./lb. value 
which had been measured previously for 
the GR-S reaction. Heat of agitation 
is the heat equivalent of horsepower 
input to the process liquid by the reactor 
agitators. Heat of brine pumps is the 
heat equivalent of horsepower input to 
the brine by these pumps. Heat gain 


most economical 


TABLE 2.—-COMPARISON OF VARIOUS COOLANTS 


Coolant Temperature ° F. 


Cost of 
Initial 
Coolant 


Safety 
Theoretical Factor 


5.0 


100-110 
167-176 : 3: 22° 100 


9.500 


TABLE 3 


Heat of polymerization 

Heat of agitation 

Heat of brine pumps ... 

Heat gain through insulation . 
Sensible heat of charging ingredients 


Total 
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REFRIGERATION LOAD FOR A 30,000-TON U 


Refrigeration 
Tonnage 


Percentage 
of Total 


wo 


ws 


708.1 Tons 


Progress 


through insulation is small. Insulation 
thickness was selected to prevent sur- 
face condensation and consequent insu- 
lation deterioration rather than to pro- 
vide the optimum heat gain vs. invest- 
ment economy. Heat removed from 
charging ingredients is a_ substantial 
20% of the total and will be discussed 
later. The machines finally selected were 
three units, each capable of 400 tons of 
refrigeration at 5° F. brine temperature 
using Freon 12 refrigerant. Two ma- 
chines operate regularly while the third 
machine is a stand-by unit. At the out- 
set of the project it was considered 
possible that polymerization temperature 
might drop as low as 0° F. because of 
further improvement of product by the 
lower reaction temperatures. The re 
frigeration machine was therefore de- 
signed to permit conversion to operate 
at 235-ton capacity with —39° F. 
methylene chloride brine. This would be 
accomplished by changing turbine gov- 
ernor settings for higher speeds and 
installation of additional baffles in 
evaporator heads to compensate for the 
lower brine flow per machine. Figure 5 
shows the area selected for refrigeration 
equipment location immediately adjacent 
to the reactor building and on the side 
nearest other reactor buildings. This 
permits present reactor operators to at- 
tend the refrigeration system integrat- 
ing the entire cold rubber polymeriza- 
tion process into a closely coordinated 
system requiring a minimum of addi- 
tional operating labor over continuous 
hot rubber. The location also provides 
additional space for future refrigeration 
expansion in case of production expan- 
sion or further lowering of polymeriza- 
tion temperature. Figure 6 shows one of 
the refrigeration machines. 

The large percentage of the total re- 
frigeration load necessary for cooling 
charging ingredients forms the basis 
for one major advantage of the contin- 
uous process. To reduce reactor down 
time in the batch ingredients 
are charged within a 20-min. interval or 
about four times as fast as the 
tinuous charging This not only 
puts an 80% surge demand on refrig- 
eration, but also throws a similar surge 


process, 


con- 
rate. 


on the steam generation unit supplying 
the turbines and reduces economical bal 
ancing of the steam supply in the plant. 

The batch process also requires much 
larger feedstock coolers. These coolers 
are shell and tube, internal floating head- 
type heat exchangers with brine inside 
the tubes and process fluid in the shell 
In this way the mass of process fluid 
left in the shell at the end of the batch 
is much greater than the mass of cold 
brine in the tubes and the chance of 
rupture caused by freezing is minimized. 
In the design of these heat exchangers 
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Fig. 5. Refrigeration area. 


TABLE 4.- 


STANDARD DEVIATIONS FOR BATCH AND 


CONTINUOUS 


PRODUCT PROPERTIES 


Chemical Properties 


Rosin acid, % 

Soap, % os 
Styrene in polymer, % 
Stabilizer, % 


Physical Properties 


Raw viscosity, Mooney, ML-4' @ 
Compounded viscosity, ML-4' @ ‘ 
Tensile, 50’ cure, Ib./sq.in 
Elongation, 50’ cure, % 
300% Modulus, 25° cure, Ib 
300% Modulus, 50° cure, Ib 
300% Modulus, 100’ cure, Ib 


sq.in. 
sq.in 
sq.in 


TABLE 5 


Reactor Mooney, ML-4" q 212° F 
Reactor conversion, % 


Reaction time, hr 


using 5° F. brine, process side-wall tem- 
peratures on the colder sections are be- 
low 


aqueous solution freezing points 
and a thin coating of ice must be 
assumed. Consequently heat-exchanger 


design at colder sections involves heat- 
flux calculations across only the process 
liquid film assuming a film At equivalent 
to the difference between the bulk tem- 
perature and the freezing point temper- 
ature. Figure 7 shows the two feedstock 
coolers used for batch charging. The 
small cooler on the right which is used 
only for monomers in hatch charging 
handles the entire load in the continu- 
ous process. 

A constant menace to a successful cold 
process is an excessively long reaction 
time and one of the accepted causes for 
retardation is dissolved oxygen. At the 
Port Neches plant water is vacuum 
deaerated to < 0.1 p.p.m. oxygen at the 
water treatment plant in order to mini- 
mize corrosion. It became important to 
minimize any subsequent aeration while 
dissolving soap, activator, etc. Existing 
solution tank agitators caused absorption 
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STANDARD DEVIATIONS FOR BATCH 


Continuous 


> 


AND CONTINUOUS PROCESS CONTROL 
Batch Continuous 
4.18 


of as much as 10 p.p.m. of oxygen. By 
modifying agitation to eliminate vortex 
formation this was reduced to 2 p.p.m 

The influence of oxygen in retarding 
reaction also necessitates reactor evac- 
uation before each batch in the case of 
the batch process. This procedure is of 
course eliminated in the the 
continuous process because of the con- 
stant and automatic purging inherent 
with the continuous flow. In fact, this 
and additional labor savings by eliminat- 
ing batch charging and blowdown oper- 
ations are sufficient to reduce labor re- 


cast of 


quirements by one operator per shiit per 
30,000-ton unit. 

The chief advantage of the continuous 
process is increased capacity. This is 
due first to the complete filling of re- 
actors. In the batch system they are 
filled to only about 90% of the total to 
avoid overfilling and overpressuring. 
Secondly, increased capacity is gained 
from elimination of downtime necessary 


Fig. 7. Feedstock coolers. & 
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Fig. 6. Refrigeration machine. 


in the batch system for charging and 
discharging the reactor. This amounts 
to more than an hour per batch. A third 
reason for increased capacity ts the ad 
ditional polymerization volume gained 
by the relatively simple addition of the 
displacement tubes. These factors total 
up to a theoretical capacity increase ot 
15-20%, but this is based on an equiva 
lent reaction time. Actually, when con 
tinuous cold rubber 
1949 
so much 


was put on stream 


in October, continuous reaction 


rates were slower that only a 


4% -capacity increase was realized. With 
greater know-how, derived from expert 
ience, and further development of im 
proved recipes and techniques, the full 
theoretical capacity increase has been 
attained. 
Another 


continuous 


important advantage of 
cold rubber batch is 
the improved uniformity of process con- 
trol and product quality 

Table 4 a typical set of stan- 
dard deviations ot chemical and phy sical 
properties of 


over 


shows 


the batch and continuous 


processes on the same recipe production 


- 
Batch 
“Volatile matter, % ... “0.121 0.118 
Ash 0.227 0.098 
0.157 0.151 
0.087 0.025 
0.09 007 
0.097 0.076 
p12" 
F. 
19 
70 
| 
2.27 
4 
A 
© 
ace 
f 4 \ 


Table 5 shows a comparison of batch 
and continuous process control uniform- 
ity. 
A further advantage of the continu- 
ous cold rubber process which has not 
yet been fully exploited is the possible 
use of waste heat exchange on the feed- 
stock stream and finished latex. Prelim- 
inary tests show that such units may be 
practical to the extent of 50 to 75% heat 
regeneration and of course will show 
more promise the lower the polymeriza- 
tion temperatures. The unit would show 
its greatest advantage on future expan- 
sions where it will be possible to reduce 
refrigeration equipment requirements by 
70 to 100 tons for the plant size 
described in this report. 

The advantages of the continuous 
process for cold rubber may be sum- 
marized as follows: 


Increased capacity 

Improved product uniformity 
Improved process control uniformity 
Reduced operating labor 
Reduced process and 
equipment requirements 
Reduced surges on utilities 

Possible reduced utility requirements 
by waste heat exchange 


refrigeration 


These advantages have benefited more 
than 65,000,000 Ib. of cold rubber pro- 
duced since the unit first went into 
operation. 


Discussion 


Bronson Harris (The Dow Chemical 
Co., Midland, Mich.): Three questions 
—(1) What over-all heat-transfer co- 
efficient did you obtain through the walls 
of your reactors? (2) Would you de- 
scribe more completely the jacket agita- 
tion nozzles? (3) Against what pres- 
sures do your feed pumps have to pump 
and what type of pumps do you use? 


Marvin W. Larson (B. F. Goodrich 
Chemical Co., Cleveland, Ohio) : By the 
first question I presume you mean the 
coefficients in the reactor jackets. We 
got over-all coefficients in the neighbor- 
hood of from 25 to 30 with inside films 
of about 35 to 40. 

On the second question—the jacket 
agitation nozzles take the place of spiral 
agitators and they are nothing more than 
water ejectors which keep the stream of 
water or brine circulating around the 
jacket peripherally by taking energy 
from the incoming coolant and transfer- 
ring it to the bulk of the coolant in the 
jacket, thereby increasing jacket veloci- 
ties and jacket film coefficients. 

The answer to your third question is 
that the pumps are turbine-type pumps ; 
they operate in the neighborhood of 110 
to 120 Ib./(sq.in.)(g.) discharge pres- 
sure. 


J. H. Wardwell (Dow Chemical Co., 
Midland, Mich.) : What type of gasket 
did you standardize on for your glass- 
enameled flanges on your equipment? 


M. W. Larson: I think we have 
standardized on a lead-sheathed asbestos 
gasket for glass-lined vessels. 


(Presented at Forty-third Annual 
Meeting, Columbus, Ohio.) 


LETTER TO THE EDITOR 


REACTORS IN SERIES 
Sir: 


It is interesting to relate the graphical 
analysis by Jones (3) with that part of 
the paper by Eldridge and Piret (2) 
dealing with graphical analysis. 

Equation (7) of Eldridge and Piret 
may be written a,_,; = @, — 0,(da/dt),, 
in which a is the concentration of the 
reactant of interest, m refers to the 
number of the reactor, —(da/dt),, is the 
time-rate at which the reactant is being 
used up in the mth reactor (constant in 
any single reactor), @, is the nominal 
holding time, or the volume of the re- 
actor divided by the volumetric feed 
rate: V’,/F,. A steady-state continuous 
process is assumed. The graphical solu- 
tion presented by Eldridge and Piret 
uses their Equation (7) with the addi- 
tional limitation that @, is the same for 
all the reactors in series and that the 
subscript may be dropped, giving the 
eqution @,_, = a, —@(da/dt),. Then, 
if the constant value of @ is known, and 
if a series of values of da/dt corre- 
sponding to values of a has been ob- 
tained by graphical differentiation of 
experimental values of a vs. time ¢ in 
a batch run, it is plain that the substitu- 
tion of these numerical values in the 
equation enables the plotting of a,_, 
VS. Gp. 

Also, since the numerical value of a, 
for one reactor is a,_, for the next, the 
diagonal a, = @,_, is drawn. Then, 
starting with the point on the curve 
whose ordinate is a,_, = @, = the con- 
centration of @ in the feed to the first 
reactor, vertical and horizontal lines are 
drawn stepwise between the curve and 
the diagonal until the desired concen- 
tration in the product is reached or 
passed. The number of points thus 
touched on the diagonal is the number 
of reactors required. This is the method 
of Eldridge and Piret, but they applied 
it only to cases in which da/dt could be 
expressed analytically as a function of a 
velocity constant and of a, thus requir- 
ing a knowledge of the order of reac- 
tion and its velocity constant. The fact 
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that the equation could be used with 
primary experimental data on a batch 
run was realized by the writer soon 
after hearing the Eldridge and Piret 
paper presented in December, 1949, and 
was using it in classroom instruction 
early in 1950. 

Rearranging Equation (7) of 
Eldridge and Piret gives (da/dt), = 
(1/0) Plotting da/dt as 
ordinate vs. corresponding values of a, 
a curve may be drawn. Then, starting 
on the base-line (da/dt = 0) at a =a, 
= concentration of reactant in feed to 
first reactor, a straight line with slope 
= 1/0, may be drawn. The intersection 
of this line with the curve gives the 
value of a,, the constant concentration 
in the first reactor. That this is the 
required point can be seen immediately 
from the geometry of the diagram, in 
which slope = 1/0, = (da/dt),/(a, — 
a,_,). Dropping vertically from this 
point to the base-line (da/dt = 0) gives 
the starting point for the straight line 
for the next reactor, of slope 1/@,, and 
so on. This is the method of Jones (3), 
and it has the advantage over the method 
of Eldridge and Piret in that it can 
handle graphically cases of reactors in 
series in which @ can vary from one 
reactor to the next. In other words, the 
reactors may all have different volu- 
metric capacities with constant volu- 
metric flow rate. For ordinary cases, the 
two methods will give identical results 
from the same primary data, and there 
is little choice between them. In many 
cases, as pointed out by Denbigh (1), 
use of tank reactors of different sizes in 
series provides the most economical ar- 
rangement. 

It should be emphasized that the use 
of differentiated experimental batch 
data in the calculation of reactors in 
series by either of the two graphical 
methods will give completely erroneous 
results in certain cases of complex re- 
actions. Therefore the designer must 
know the nature of the reactions in- 
volved. The cases to which the graph- 
ical methods do not apply are coded by 
Jones (3) and are tabulated and dis- 
cussed in some detail by Eldridge and 
Piret (2). In such cases no short-cut 
method seems available, and the tedious 
stepwise calculation from one reactor to 
the next is the safe procedure. 


New York, N. Y. 
Albert B. Newman 


Literature Cited 


1. Denbigh, K. G., Trans. Faraday Soc., 
40, 352 (1944). 
2. Eldridge, J. W., and Piret, E. L. 
em. Eng. Progress, 46, 290 
(1950). 
Jones, R. W., Chem. Eng. Progress, 
47, 46 (1951). 


May, 1951 


; 
4 
h 
: 
| Ps 
1. 
2. 
3. 
6. 
7. 
bic 
: 
4 
4 
q 
f 
i 


e NEWS SECTION 


LOCAL SYMPOSIA AT BOSTON AND PITTSBURGH 


WO Technical Symposia by 

A.L.Ch.E. local sections were held 
last month, one at Boston, the other at 
Pittsburgh, this latter conference the 
work of a combination of local sections 
at Akron, Columbus, Cleveland, Ohio 
Valley, Toledo and Pittsburgh. 

Boston, with a five-speaker meeting 
and dinner, investigated the place in 
management for chemical engineers, 
while Pittsburgh held an all-day confer- 
ence on ion exchange. 

Local groups of the A.I.Ch.E. are 
finding in such symposia an answer to 
their specialized technical requirements, 
and many have planned all-day technical 
meetings with well-known speakers. 
Added advantages that local section offi- 
cers are finding from sponsoring and 
holding such meetings were brought out 
in several interviews on the subject by 
the editor, namely a better spirit among 
local section members and a local group 
with better cohesiveness and purpose. 

At Pittsburgh, the symposia on, “The 
Application of lon Exchange,” was held 
with the local section acting as host. 
R. S. Rhodes of the Koppers Co., was 
general chairman and presided over the 
eight papers which were given during 
the day. G. F. D’Alelio, vice-presi- 
dent and director of research, Koppers 
Co., Inc., opened the meeting with a 
discussion on the industrial importance 
of ion exchange as a new tool. He com- 
mented upon the part played by chem- 
ical engineers in taking ion-exchange 
ideas developed by scientists and trans- 
ferring them to full-scale, plant-sized 
equipment. Speaking of the part the 
chemical engineer has played in this, he 
said, “Industry looks to you to engineer 
the application of these (ion-exchange ) 
materials to their needs. You have gone 
far beyond their use in water treatments 

. used it as a tool in the separation 
and identification of the fission-produced 
radio-isotopes. applied it to the 
concentration, separation, and recovery 
of copper, silver, chromium, molyb- 
denum, vanadium, platinum, and gold 
from industrial wastes. . . You have 
used ion exchange in sugar refining, in 
pectin manufacture, in tartaric acid 
manufacture, in alkaloid recovery, Vita- 
min B recovery, in milk processing, in 
the separation of amino acids from pro- 
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tein hydrolyzate, and in many, many 
other interesting and profitable fields.” 

In the first technical paper by O. M. 
Elliott, water conditioning engineer, 
Sun Oil Co., ion-exchange experiments 
were traced back to Sir Francis Bacon, 
and Mr. Elliott quoted from a technical 
paper by Bacon, describing trials made 
in removing salt from sea water by 
passing the water through beds of soil. 

After tracing various historical epi- 
sodes involved in ion exchange, Mr. 
Elliott finally gave credit for the quan- 
titative recognition of ion exchange to 
Prof. J. Thomas Way, and a scientific 
farmer, H. S. Thompson. Professor 
Way, a consulting chemist for the Royal 
Agricultural Society of England, began 
his investigations into ion exchange 
while investigating the use of chemical 
fertilizers. Mr. Elliott said, “Farmer 
Thompson was impressed by the fact 
that ‘manures such as potassium and 
ammonia’ are taken up by the soil, 
strongly held despite the leaching action 
of rain, and yet are available to fertilize 
the growing plants. After many prac- 
tical observations and chemical tests, 
farmer Thompson informed Professor 
Way that 


‘when solutions of salts of am- 
monia, potash, magnesia and so forth 
were made to filter slowly through a 
bed of dry soil five or six inches deep, 
arranged in a flower pot or other suit- 
able vessel, it was observed that the 
liquid which ran through no longer 
contained any of the ammonia or other 
salt employed.’ 


According to Mr. Elliott the real con- 
nective in ion-exchange theory, came 
with the acceptance of ionic association. 

The second paper by Robert 
Kunin, Rohm & Haas Co., described 
recent developments in the industrial 
application of ion exchange and stressed 
the relatively new monobed technique 
developed by his organization. (Chem- 
ical Engineering Progress, Vol. 46, 
June, 1950, p. 18.) 

In the discussion on, “Purification of 
Organic Chemicals by Ion Exchange,” 
the authors listed ten organic chemicals 
now being treated by ion-exchange 
processes among which were various 
sugars, alcohols, formalin, acids, pectin, 
blood, ete. 
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The authors described how crude 
met'anol, made synthetically from car- 
bon dioxide and hydrogen, is separated 
by ion exchange from the excessive 
amounts of amines and ammonia which 
are produced during starting up or shut- 
ting-down operations. They said in 
part, passage of the crude 
methanol through a cation exchange 
resin operating on the hydrogen cycle 
completely removes the amines and am- 
monia. At the start of a converter 
cycle, amines and ammonia are present 
in concentrations up to 400 p.p.m. and 
they are present at an average concen- 
tration of 8 to 10 p.p.m. during the 
remainder of the cycle. This quantity 
of 8 to 10 p.p.m. is sufficiently low that 
subsequent normal treatment produces a 
satisfactory methanol. However, it is 
difficult in plant operation to predict 
when it will be necessary to shut down 
a converter and it is during this shut 
down and consequent starting periods 
that a highly contaminated product is 
obtained. Since ion exchange adds no 
contaminants and does remove contam- 
inants which may be present only in low 
quantities, it was found in actual plant 
operation advantageous to pass all the 
methanol produced through the ion ex- 
change equipment.” 

They indicated further that such 
treatment results in an efficient which 
had no more than one part per million 
of ammonia or amine concentration 
after passing through the cation ex- 
changer. They stated that sulfonated 
styrene cation resins were the most sat 
isfactory to use in this application. 

Another example discussed by the 
authors concerned sulfuric acid, used as 
a catalyst in the hydrolysis of ethylene 
or ethylene glycol, and its removal from 
the ethylene glycol mixture by a weakly 
basic anion exchange resin. The sul- 
furic acid content was reduced from 
0.15% to 0% during the operation. 

The authors also described the re- 
moval of formic acid from formalde- 
hyde, reduction of color from organic 
-hemicals, removal of dyes from organic 
solvents, and the removal of salt from 
blood serum. 
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In discussing the use of ion exchange 
in the dairy industry, E. F. Almy quoted 
experiments in which an ion-exchange 
material was used to reduce the calcium 
content of milk 459% through exchange 
with sodium ions and with no effect on 
the phosphorous content. 

He also told about a process for pro- 
ducing lactose from whey. In_ this 
process, according to Dr. Almy, “ ; 
the protein was first removed by acid 
coagulation, then the deproteinized whey 
was passed through suitable pairs of 
ion-exchangers. The demineralized ef- 
fluent was then concentrated and spray- 
dried. In order to obtain the desired 
acidity for deproteinizing the whey, 
part of a batch was first treated by a 
cation-exchange resin in the hydrogen 
cycle. This resulted in an effluent with 
a pH of 1.5-2.0 by removing all the 
cations and giving off hydrogen ions 
to the effluent. This very acid whey was 
blended with untreated whey to give a 
final mixture of pH 4.6-4.8 which is 
the approximate isoelectric point of the 
protein present. This acid whey was 
then heated to about 90° C. to coagulate 
the protein, filtered, and then subjected 
to the ion-exchange treatment at room 
temperature. By this process practically 
all the lactose present in the whey is 
recovered, in contrast to the 50-75% 
yield usually obtained by crystallizing 
procedures.” 


MANAGEMENT SYMPOSIUM 


Editor's Note: The following report 
on the Boston symposium was written at 
the editor's request by Laurent Michel, of 
Godjrey L. Cabot, Inc., and E. L. Cheren- 
son, of Artisan Metal Products, Inc. 


HE Engineer in Management was 

the topic for the Ichthyologists 
(Boston Section A.L.Ch.E.) First Tech 
nical Symposium held at Boston’s Hotel 
Lenox on April 12 and 220 registered 
for the event. Speakers were Earl P. 
Stevenson, President, Arthur D. Little, 
Inc., Cambridge, Massachusetts ; Robert 
M. Coquillette, Manager, Rubber Spe- 
cialties Division, Dewey and Almy 
Chemical Company, Cambridge, Massa- 
chusetts ; William F. Ryan, Engineering 
Manager and Vice President, Stone and 


Webster Engineering Corporation, Bos- 
ton, Massachusetts; John L. Gillis, 
General Manager, Organic Chemicals 
Division, Vice President, Monsanto 
Chemical Company, St. Louis, Missouri, 
and Thomas K. Sherwood, Dean of 
Engineering, M.I.T., Cambridge, Mass., 
who delivered the dinner address. 

The speakers, each representing dif- 
ferent areas of industrial management, 
were asked to discuss the characteristics 
and training which will offer the young 
engineer entering an organization the 


greatest assurance of his moving inte 
a position of managerial responsibility. 

The steps which their organizations 
are taking towards the training and de- 
velopment of young engineers for ulti- 
mate positions in management were also 
discussed. 

Criteria which a young engineer 
should have in entering the field of re- 
search and development were listed by 
Mr. Stevenson. These are: ability to get 
along with people and to make a favor- 
able impression, broad technical inter- 
ests, initiative, self-assurance, qualities 
of leadership, energy and aggressive- 
ness to undertake responsibility, ingen- 
iousness and scientific curiosity and 
ability to express one’s thoughts. Fur- 
ther criteria, some of which can be 
developed, were according to Mr. 
Stevenson good judgment, a technical 
knowledge sufficient to gain the respect 
of one’s associates, a proper sense of 
values, ambition, a willingness to work 
harder than the average, and an ob- 
servant and tolerant attitude. 

Discussing steps taken by Arthur D. 
Little, Ine., to develop managers, Mr. 
Stevenson stated that the company 
policy was to study the young men and 
give them as much responsibility as they 
could shoulder. Other methods include 
proper incentives, encouraging partici- 
pation im technical societies and prepa- 
ration of papers, planning and program 
meeting, introduction to other parts of 
the organization, and close contact with 
superiors. 

A pace consistent with the situation 
was recommended, since the speaker 
recognized that few people in any or- 
ganization are capable or destined to 
become managers and many a good re- 
search worker or engineer has been 
sacrificed by a poorly advised move 
into management. 

In the field of production, Mr. R. M. 
Coquillette stressed the need for physi- 
cal energy and drive. An abounding 
vitality which can diffuse to others acts 
as a stimulant to increase output, Also 
important are a genuine interest in 
people and problems, an appreciation of 
what it means to work with the hands 
and some feeling for the dignity of man. 

Foremost, however, in production 
management is the cooperative effort, 
since there is no place for the prima 
donna. 

Mr. Coquillette stressed the fact that 
the engineer with managerial tendencies 
can move smoothly within a group of 
other engineers, mechanics, operators, 
and salesmen. What becomes important 
is not technical training, but the quali- 
ties of judgment, the ability to deter- 
mine what the problems are and the 
ability to think quickly and universally. 

At Dewey & Almy, development of a 
Production Manager is carried out 
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through a three-phase process. In the 
first phase, the new man is company 
indoctrinated. The program is designed 
to maintain a high level of interest and 
an important part of it is close contact 
with other company members so that a 
feeling of team work is developed. Ac- 
ceptance of responsibility is also 
stressed. On-the-job training consti- 
tutes the second phase of the program. 
To develop responsibility, the job must 
be chosen so that easy answers are not 
available, yet it must be such that mis- 
takes will not render training tod ex- 
pensive. In the third phase, the candi- 
date has reached the point where with 
the acceptance of responsibility, the par- 
ticular job can be kept under control 
with continued guidance in distinguish- 
ing the relative importance of problems. 

Mr. W. F. Ryan approached the sub- 
ject from the field of engineering, stat- 
ing that there was undue emphasis in 
the minds of many young engineers on 
the importance of management as a goal 
towards which an engineering careet 
should be shaped. Equal energy devoted 
to achieving excellence in engineering 
may be equally rewarding, financially, 
and more so, irom a professional point 
ot view, he indicated. 

Mr. Ryan went on to point out, how- 
ever, that engineering is the group most 
heavily represented in the top flight 
management of American industry. 
Thus, an engineering degree is a good 
start towards a management post. The 
next step, said Mr. Ryan, is to advance 
oneself intensively in technical aspects. 
This type of progress requires home- 
work, reading and study, 
membership in techpical societies and 
other similar activities. 

Mr. John L. Gillis, who discussed 
the field of sales, commented on the lack 
of engineers in 


extensive 


chemical sales. He 
pointed out that of the seven heads of 
major sales organizations in Monsanto. 
only one has an engineering degree and 
similar situations exist in other com- 
panies. 

The reason for this may be, he said, 
that most engineers have gone into 
other fields. In his opinion, purely tech- 
nical professional work decreases the 
engineer's chances of success in sales. 
Other possible reasons for this shortage 
are the engineering schools’ neglect, 
until recently, of the nontechnical as- 
pects of training, a demand for engi- 
neering talent which has exceeded the 
supply, and the possibility that engineers 
as a group are more interested in things 
than in people. 

Mr. Gillis, however, predicted that 
within ten years, the percentage of 
engineers in top sales management will 
have increased. Intelligence, good ap- 
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CORROSION COURSE 
IN JUNE AT M.LT. 


Leading industrial authorities will 
join members of the M.I.T. faculty to 
present a one-week intensive course in 
Corrosion at the Massachusetts Insti- 
tute of Technology from June 18 to 23, 
1951, according to Prof. Walter H. 
Gale, director of the M.LT. summer 
session. Principal purpose of the week- 
long event, Dr. Gale reports, will be to 
bring new information about corrosion 
control within the reach of men in in- 
dustry. One of a series of special activi- 
ties to be held at M.I.T. during the com- 
ing summer, the course will be under 
the direction of Prof. H. H. Uhlig, in 
charge of the Institute’s Corrosion 
Laboratory. 

The course will cover the character- 
istics and mechanisms of corrosion and 
corrosion control. On the schedule are 
discussions of the design of equipment, 
chemical treatment of the environment, 
cathodic protection, and selection of 
coatings and alloys economically feasible 
for reducing corrosion losses. 

The one-week program, according to 
Dr. Uhlig, is designed to meet needs of 
research directors and plant engineers 
who wish to review recent trends and 
developments. 

The following lectures are scheduled : 


Fundamentals of Corrosion Reactions and 
Control, H. H. Uhlig, associate professor 
of Metallurgy, M.1.T., and Carl Wagner, 
Visiting professor of metallurgy. 

Metals and Alloys: Properties, and a Guide 
to their Proper Selection, W. Z. Friend, 
International Nickel Co., Inc. 

Cathodic Protection: Theory and Meas- 
urements, J. M. Pearson, Sun Oil Co.; 
Practice and Economics, L. P. Sudrabin, 
Electro Rustproofing Corp. 

Metallic and Organic Coatings: Selection, 
Application, and Behavior, R. M. Burns, 
Bell Telephone Laboratories. 

Treatment of Environment, Norman Hack- 
erman, department of chemistry, Univer- 
sity of Texas. 

Design of Equipment from a Corrosion 
Standpoint, RK. B. Mears, Carnegie- 
Illinois Steel Corp. 

Principles and Practices of Corrosion Test- 
ing, F. L. Laque, International Nickel 
Co., Ine. 


DACRON, NEW TRADE- 
MARK DU PONT FIBER 


Dacron is the new trade-mark which 
has been adopted by the Du Pont Co. 
for its polyester fiber, originally known 
by the laboratory designation of Fiber 
V and later given the trade-mark 
Amilar (“C.E.P.” p. 29, March, 1951.) 

The Dacron trade-mark was substi- 
tuted for the Amilar mark when the 
company received advice of its possible 
confusion with an unrecorded commer- 
cial name. 
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GAS PLANT USES SEA WATER COOLING 


A new gas conversion plant built re- 
cently by Long Island Lighting Co. is 
using a new method of tapping sea 
water as a cooling medium. The plant 
converts natural gas into a gas closely 
approximating water gas by a reform- 
ing metal. Natural gas has become 
available from the Southwest through 
Transcontinental Pipe Line Co 

The gas is reformed by a catalytic 
cracking process utilizing specially de 
signed furnaces developed by Surface 
Combustion Co. Plant capacity is ap 
proximately 35,000,000 cu.ft. of natural 
gas/day. After cracking, the reformed 
gas is enriched and stored. 

Cooling water problems are associated 
with both the reforming process and 
with gas compression for distribution. 
In both instances it is necessary to em- 
ploy recirculatory, closed water systems 
because ground water is not available 
in sufficient volume for a once-through 
system, and sea water would create a 
serious salt corrosien problem if used 
directly. 

Reformed gas passes through a closed 
scrubber tower and the water picks up 
a large quantity of heat as well as 
residual impurities. 

The two basic cooling jobs are to cool 
the recirculating scrubbing liquor and 
the fresh water that is circulated in the 
jackets of the gas compressors and their 
prime movers. 

The equipment used for cooling all! 
recirculated fresh water 
built-up batteries of cast iron cooling 
sections over which salt water from 
Hempstead Harbor is sprayed. The 
cooling sections, ere made of highest 
grade cast iron, and have high resistance 
to salt water corrosion. According to 


consists ot 


The National Radiator Co., who de- 
signed and supplied the cooling sec- 
tion, they have proved economical in 
both first cost and maintenance. 

The coolers, designed for a minimum 
of evaporative cooling in order to avoid 
salt incrustation, are placed close to- 
gether and are surrounded by Transite 
walls. The walls prevent salt mist from 
being blown over other corrodable struc- 
tures or equipment made of carbon steel. 

The scrubbing liquor cooler is ar- 
ranged in three parallel banks, each 
serving scrubbers for one of three Sur- 
face Combustion cracking furnaces. The 
three banks are interconnected in order 
to provide maximum operating flexibil- 
ity. There are 418 sections in each bank 
which has two rows of sections in series, 
each consisting of 11 parallel 
stacks, 19 sections high. 

The combined cooler with 1254 sec- 
tions was designed to cool 1800 gal./ 
min. of scrubbing liquor from 140° F. 
to 95° F. when supplied with 2325 gal. / 
min. of sea water at 70° F. 

The cooling of water in the compres 


row 


sor and engine jacket system is similar 
to that for Jacket 
water is circulated through closed sys 
tems and cooled by means of once 
through salt water. 
water must be kept within a temperature 
range of 113 to 90° F. in 
engine jacket water must be kept within 
a temperature range ot 162 to 150° F 

There are five compressors. Two 
which are driven by 2000-hp. natural 
gas engines, are each provided with a 
256 sections ar 


scrubbing liquor 


summer and 


cooler consisting of 
ranged in 16 parallel stacks, 16 sections 
high. They cool 550 gal./min. of jacket 


(Continued on page 42) 


Long Island Lighting Co. plant for cooling compressor and engine jacket water. 
The compartment at left is for motor-driven compressors, and the other two com- 
partments are for the two gas-engine-driven compressor units. Transite walls 
minimize salt water corrosion of surrounding equipment. 


Chemical Engineering Progress 


Page 21 


Compressor jacket § 


— 
. \ 
= 
-—~ 


REASONS FOR CALLING IN MIXCO 


to supply fluid agitation 
on your next project 


can be swre about fluid agitation? Mixco engineers 
choose correct agitation for you on the basis of 
viscosity, specific gravity, proximity, speed, 
power consumption and many other carefully con- 
sidered factors. Exclusive Mixco data on impeller 
pumping capacities, critical shaft speeds, prac- 
tical shaft lengths and other variables, saves you 
many an engineering headache, avoids costly trial- 
and-error, and gives you best possible agitation 
at minimum power cost. Results are guaranteed! 


4 1. TECHNOLOGY... Why guess, when you 


MIXCO research and development laboratory 


2. EQUIPMENT... Lightnin Mixersare builtfor 
the critical years ahead. They are constructed for 
continuous heavy duty, with minimum mainte- 
nance. Interchangeable components make it easy 
to change the mixer from one type of installation 
to another—even from one speed to another—as 
your requirements change. Spare parts are stand- 
ard and can be replaced quickly by any workman. 

Write today for assistance on any fluid agitation 
problem, and for helpful literature on Lightnin 
Mixers, 


LIGHTNIN beavy duty turbine agitators 


MIXING EQUIPMENT Co., Inc. MAKERS OF 


“Lightoin Mixers. 
199 Mt. Read Bivd., Rochester 11, N. Y. 

In Canada: William & J.G. Greey, Ltd., Toronto 
Please send me the literature checked: 
(1 B-76 Side Entering Mixers [] DH-50 Laboratory Mixers 
(18-78 Top Entering Mixers [-]8-36 Condensed Catalog 

(Propeller Type) showing complete line 


OF B-89 Top Entering Mixers [(] B-75 Portable Mixers (Elec- 
(Turbine and Paddle Type) _tric and Air Driven) 


LIGHTNIN 
AGITATORS 
Turbine, 
World's lorgest-sell- io G and 


tonks. speeds 
Sines | 0 25 HP. available in new 


heavy duty drive. 
Sizes % to 500 HP. 


A COMPLETE LINE . . . UNEXCELLED TECHNOLOGY 
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EQUIPMENT 


1 @ HEAT EXCHANGER. For solvent 
recovery, the Modine Manufactur- 
ing Co. announces a plate-type heat 
which has interlocked- 
= ae fins with special em- 
or interrupted surfaces. 
Provides 250-300 sq.ft. of surface 
area/cu.ft. Designed for assembly 
into blocks to provide for expansion 
of capacity. 


4 @ MECHANICAL SEAL. For service 
on rotating shafts such as centrifugal 


pumps, turbines, agitators, cic., 
Crane Packing Co. announces an 
improved nical seal for use 


under severe tem ture and cor- 
rosive conditions. The new type seal 


eee a flexible ring molded 
from Teflon. 


5 @ DOWTHERM UNITS. A standard 
line of electrically heated Dowtherm 
heat-transfer units complete with in- 
struments, piping, insulation, etc., is 
a development of the Struthers Wells 
Corp. Capacities range from 100,000 
to 500,000 B.t.u./hr. at temperatures 
up to 750° F. Entire unit is base- 
mounted for immediate factory in- 
stallation. Features a special heating 
element designed to eliminate ther- 
mal breakdown or coking troubles. 
Bulletin available. 


7 © GRATING MONOCHROMATOR. 
Baird Associates, Inc., announces a 
l-~ grating monochromator with a 
spectral range extending from the 
ultra-violet (2,000 A) into the 
infrared to 6, without interchang- 
ing optical components. 


8 @ CHEMICAL PUMP. Nagle Pumps, 
Inc. has a new vertical and hori- 
zontal shaft centrifugal —— Avail- 
able with impeller and housing of 
various alloys for handling corrosive 
liquids, double stuffing-box, split 
bearings, low-entrance losses for op- 


Mail card for more data» 


eration under low n.ps.h. condi- 
tions. Efficiency charts and other 
data available. 


9 @ VALVE ACTUATOR. For opera- 
tion of gate valves, plug valves, 


dampers, dia valves, butter- 
fly valves sluice gates, a valve 
actuator of Ledeen Manufacturing 


Co. Pressure fluid operated, since 
valves are basically cylinders 

uipped with valves and controls. 

ay use fluid as low as 
15 Ibs./sq.in. or as high as 750 
Ibs./sq.in. Feed controls, on-and-off 
service, positioning control, and 
emergency hand pumps are all avail- 
able with the actuator. 


10 © WORM AND GEAR VALVE. 
Homestead Valve Manufacturing 
Co. has added worm-and-gear-oper- 
ated valves to its line of lubricated 
plug valves. Come in 8-in., 10-in. 
and 12-in. sizes. Port area is equiva- 
lent to 100%, of standard pipe: Fea- 
tures such as venturi-types, full-port 
cast-steel types, etc., are available. 


11 @ LIQUID LEVEL CONTROLLER. For 
external mounting on vessels, kettles, 
etc., where it is desired that the 
liquid level control be isolated with- 
out shutting down the main systems 
when repairs or adjustments are nec- 
essary, Black, Sivalls & Bryson, Inc., 
has a new type displacement unit. 
Utilizes torsion tube assembly for 


25 2% 27 29 35 
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transmitting level changes, no pack- 
ing glands. 


12 ¢ VACUUM GAUGE. Inexpensive 
vacuum gauge for industrial high- 
vacuum equipment which covers a 
range of a few microns to | mm. of 
mercury, is available from Distilla- 
tion Products Industries. Known as 
the thermocouple gauge, it is avail- 
able with from two to six stations 
reading on a single meter. Suited 
for checking pumping conditions, 
the principle of the gauge based on 
the e.m.f. developed by a thermo- 
couple in which the temperature 
differential depends on heat loss by 
gas conduction, which in turn de- 

on gas pressure. Complete de- 
tails available. 


14 @ EMULSIFIER LIQUID ROSIN SIZE. 
American Cyanamid Co. has an auto- 
matic emulsificr for liquid rosin size. 
The emulsifier is a compact, pre- 
assembled unit which is connected 
to tank car rosin-size storage facili- 
ties and has a single a line 
to one dilute emulsion tank. Dimen- 
sions of the unit are about 5 ft. wide, 
4 ft. deep by 6 ft. high. Machine 
delivers a fine particle-size emulsion 
and the solids content of the emul- 
sion will be accurate to +0.1%. 
Emulsification is done by an emulsi- 
fying valve and venturi jet. Unit is 
electrically interlocked and can 
handle standard and interchange- 
able parts. 
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CHEMICALS 


20 3,3'-IMINOBISPROPYLAMINE. 
Car-lot quantities of this compound 
are available from the American 
Cyanamid Co. Strongly basic amine, 
colorless, high-boiling, completely 
miscible at room temperature with 
water and most common organic 
solvents. Useful in the synthesis of 
ion-exchange resins, has potentiali- 
ties as intermediate for surface-active 
agents, pharmaceuticals and dye- 
stuffs. Bulletin covering physical 
and chemical properties is available. 


21 @ TRICHLOROBENZENE. Pennsyl- 
vania Salt Manufacturing Co. offers 
ilot plant amounts of trichloro- 
enzene. Clear, colorless liquid with 
a 1,2,4 isomer predominating. Major 
ingredient in compounded trans- 
former oils, solvent for oils, fats, 
waxes, etc. New product bulletin 
describing chemical and physical 
properties available. 


22 AMMONIUM BICARBONATE. 
Chemical Manufacturing Co., Inc., 
is offering ammonium bicarbonate, a 
product of Imperial Chemical In- 
dustries, Lid. Available in 244-Ib. 
drums, immediate delivery, for use 
in making baking powder, pharma- 
ceuticals, rubber manufacturers, etc. 
Technical data sheet also available. 


23 « NEW MATERIALS. Unnamed as 
yet, Great Lakes Carbon Corp. offers 
new products made of perlite. A 
report is available which gives physi- 
properties and suggested uses for 
these materials which are dry, white 
powders having a chemical composi- 
tion high in silicates and aluminum 
oxide, with a small percentage of 
other elements. Inorganic, insoluble 
in water and most acids. Specific 
heat is 0.20 B.t.u.'s/Ib./° F. fac- 
tors as low as 0.22 B.t.u. Have good 
use as insulators, drilling and ce- 
menting of oil wells, fire retardance, 
reduction of gloss, adding bulk, etc. 
Bulletin gives complete details. 


24 @ SILICON BINDER. For making a 
strong bond between silicone rubber, 
General Electric Co. has developed 
a new primer. Silicone rubber can 
be bonded to any other surface such 
as glass, aluminum, steel, and tin. 
Sheer strength measurements of 
bonds on steel are approximately 
700 Ibs. /sq.in. dipping. 
draining, spray, or brushing; re- 
quires only an air-dry between ap- 
plication and molding. 


25 @ AMINOPYRIDINES. Reilly Tar 
& Chemical Corp. with two new 
products — 2-amino-4,6-dimethylpyri- 
dine and 2,2-dipyridylamine 
(CyHgN,). Data sheets give the 
physical constants, ete, and are 
available from the company. This 
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is part of the Reilly development 
of pyridines which offers 2-amino- 
pyridine also used in synthesis of 
antihistamines. 


26 @ SULFONES. Merrimac division 
of Monsanto Chemical Co. has added 
three sulfones to its line of com- 
mercially available chemicals. They 
are bis-(p-chloropheny]) sulfone, bis- 
(3-amino-4-hydroxyphenyl) sulfone, 
and bis- (4-chloro-3-nitrophenyl) sul- 
fone. For use in the dyestuff, organic 
synthesis, biocide, etc., fields. Ex- 
perimental quantities and data 
sheets giving physical properties of 
the new products available. 


27 @ VINYL PLASTIC COATING. Con- 
trol of corrosion on exteriors of steel, 
concrete, brick, formed block and 
plywood, and as a tank lining are 
covered by Casey & Case Coating 
Co. in its description of a series 
of vinyl coatings. Specific proper- 
ties, chemical resistance are charted. 
Coatings are of thermoplastic resin 
base, inert and can be used in con- 
stant contact with food products. 
Given are methods of application, 
surface preparation, price list, etc. 


28 @ ANTI-FOAM. For defoaming a 
wide range of compounds, General 
Electric Co. has developed a silicone 
anti-foam agent which works in con- 
centrations as low as 75-100 p.p.m. 
in a variety of products such as 
high-polymer rubber dispersions. 
The anti-foam is a white, colorless 
liquid which may be dissolved in 
petroleum naphtha, tulol, xylol, 
chlorinated aliphatics, etc. 


29 e SANTOCEL. The use of Santo- 
cel, Monsanto Chemical Co.'s aero- 
gel, in formulation of lubricating 
greases is described in a data sheet. 
Covers high oil absorption powers 
and is particularly effective as a 
thickening agent in nonpolar liquids. 
Particularly interesting in thicken- 
ing an oil to a grease. Physical and 
chemical properties of this SiO, 
product are given. 


30 © REMOVING SULFIDES FROM 
WATER. Resinous products division 
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of Rohm & Haas Co. announces via 
a bulletin a strongly basic Amberlite 
IRA-410 which will remove sulfides 
as well as sulfates, bicarbonates, and 
fluorides from water supplies. Uses 
equipment similar to standard water 
softener. Full details given in a tech- 
nical bulletin. 


BULLETINS 


35 © PRODUCING SO,. The Dorr Co. 
Fluosolids system for roasting of sul- 
fides. Bulletin, intended for sulfuric 
acid manufacturers and other users 
of sulfur dioxide, explains how fluid- 
ization principle is extended to roast- 
ing pyrite and pyrrhotite. One im- 
portant advantage of the fluidization 
system is a higher SO, content of 
gas. Averages 14 to 15% SOx, for 
48% pyrite. Continuous system, 
calcined material overflows and 
passes out of the reactor. Flow 
sheets are shown, operating results, 
analysis, advantages, application, etc. 


36 @ PROCESS EQUIPMENT. Pam- 
phlet describing products manufac- 
tured by the Cleveland Mixer Co. 
Covers agitators, turbines, reaction 
vessels, blenders, flocculators, mixers, 
heaters, etc. 


37 GAS VALVE. An_ improved 

late-type gas valve of the S. P. 
—_ Engineers, Inc., is described 
in a leaflet. Valve sizes from 36 in. 
to 108 in. Primarily for use in blast 
furnaces and in steel mills. Lists 
ten advantages, gives dimensions, 
weights, etc. 


39 COOLING TOWERS. Descrip- 
tion of Binks Manufacturing Co. 
blower-type cooling towers. Two 
models, . single fan model with 
capacities ranging from 3 to 30 tons 
of refrigeration, and a two double- 
inlet squirrel-cage blower tower with 
32-60 tons of refrigeration. Capaci- 
ties of the single fan model from 3 
gals./min. to 90, double from 96 to 
180. Liquid-sprayed with jet noz- 
zles, mist removed with redwood 
drift eliminators. Data sheets in- 
cluded. 


40 @ ION-EXCHANGE EQUIPMENT. 
Water conditioning equipment of 
Illinois Water Treatment Co. Covers 
softeners, hydrogen zeolite, deioniz- 
ers, and mixed-bed deionizers. In- 
cludes specifications on units avail- 
able for flow rates up to 1000 gals. / 
hr. Shows chemical composition of 
a standard water after passing 
through the various operations. 
Principles explained, equipment 
shown, etc. 


41 @ SAND FILTER-CLARIFIERS. Har- 
dinge Co., Inc., describes line of sand 
filter-clarifiers. Used for processes 
where a crystal-clear filtrate is de- 
sired. Principle used is downward 
filtration through a sand bed with 
a spiral scraper which takes a cut 
from the top of the sand bed when 
filter rate decreases. Bulletin details 
descriptions, capacities, operation 


orinciples, advantage, details of filter 
d, flow rates, etc. 


42 ¢ LIQUID PROCESSING. Bulletin 
describes, specifies construction de- 
tails of equipment manufactured by 
the Alsop Engineering Corp. for 
handling liquids. Mixers, filters, 
tanks, pumps, disc filters, agitators. 
Photographs of actual equipment as 
installed. 


43 VACUUM GREASES AND OILS. 
For high vacuum work,  nonag G. 
Biddle Co. bulletin on a dozen oils, 
greases and waxes for diffusion 
pumps, stop cocks, ground joints, 
permanent joints, etc., in vacuum 
systems. Recommended applica 
tions, vapor pressures of the greases 
at room temperature, safe maximum 
temperatures for uses, prices, and 
industries that now use these 
ducts are all part of publication. 


44 © PROCESSING MACHINERY AND © 
EQUIPMENT. A _ 36-page Patterson 
Foundry & Machine Co. catalog of 
all processing equipment. Includes” 
mixing equipment of all types, in-7 
cluding paste mixers, simple agita-) 
tors, horizontal mixers, etc. a 
therm processing kettles and systems, 
plasticizing pans, kettles, autoclaves,} 
nitrators, etc., grinding equipment,) 


Cards valid for only six months after date of issue 


ball mills, tube mills, dryers, classi- 
fying equipment, etc. | 


Chemical Engineering Progress Data Servic 


I would like to obtain more information on the items 
represented by the numbers I have circled. 


3% 627 0 3 BW 4 41 42 43 
44 45 4 47 49 50 51 52 53 54 55 56 57 58 
PLEASE TYPE OR PRINT 


38 @ CORROSION-PROOF LININGS. 
For protecting concrete or steel 
against corrosive liquids, the —— 
ence of the Atlas Mineral Products 
Co. with various sheet linings, solu- 
tion and dispersion linings, bricks, 
sheathings, and miscellaneous mate- 
rials, is listed in a 4-page pamphlet. 
Types of plastics used, physical prop- 
erties, resistance to corrosive solu- 
tions, etc., are all described. 
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45 @ INDUSTRIAL CONTROLS. For 
temperature, flow, liquid level, and 
humidity control, Minneapolis 
Honeywell Regulator Co. in a 60- 
page catalog presents more than 100 
models of nonindicating 
electric, electronic, and pneumatic 
controllers. Control principles for 
each controller is given plus a cut- 
away view with important parts 
labeled, specifications, ranges, etc. 


46 @ WATER FILTERS. A self-cleaning 
water filter by the Sparkler Manu- 
facturing Co. for use in municipal, 
industrial, and other commercial ap- 

lications. Uses inciple. 
Models vary from 15 to sq. ft. 
of filtering area. 


47 @ DUST CONTROL. A_ bag-type 
dust suppressor for dust fumes and 
smoke, is a newly described product 
of the Whiting Corp. Unit has been 
approved by the Los Angeles Smog 

ntrol Board. Gases are cooled by 
— of water prior to entering into 
t 


49 @ RESIN PUMP AND HEAT EX- 
CHANGERS. Cast resin pumps and 
Karbate heat exchangers are fea- 
tured in a leaflet of the Nukem 
Products . Used for acid and 
alkali conditions, two pumps are 
available—one delivering 60 gals./ 
min, at a 20-ft. head, the other 95 
gals./min. at a 20-ft. head. The Kar- 
bate exchanger units are shown 
equipped with the plastic pumps 
for a completely corrosion-resistant 
pumping and heat-exchanging unit. 
Six di t heat exchangers are 
listed. 


50 @ STATISTICS AS A TOOL. Ex- 
perimetrics, Inc., a consulting service 
specializing in the use of a statistical 
analysis, has issued a bulletin ex- 
plaining the service and showing 


how statistics can help to solve ex- 
a problems of the chemical 

Id. Correlation analysis, quality 
controls and designed experiments 
are all covered. 


51 @ HYDRO-TREATOR. For water 
softening, color or turbidity removal 
from municipal or industrial water 
supplies, the advantages of the 
Dorrco Hydro-Treator is described 
in a new color illustrated booklet 
of the Dorr Co. The h treator 
is a high-rate, sludge-blanket unit. 
Filtration, clarification, and sludge 
collection and thickening, are ac- 
complished in three separate zones. 
Available in standard sizes from 10 
ft. to 30 ft. in 2-ft. steps and 30 ft. 
to 100 ft. in 5-ft. steps. Two ty; 
are offered which are fully described 
in this carefully pre manual. 
Gives fields of application, os 

capacity ratings using alum 
ical dosage, operating data, chemi 
anal dereription of unit plus 
specifications, etc. 


52 @ BIN VIBRATOR. A description 
of air vibrators made by The Cleve- 
land Vibrator Co. for loosening up 
hoppers, bins, chutes, batch mixers, 
etc. Prevents plugging, arching, and 
sticking. For use on powdered or 
granular materials. Air-actuated, fits 
on outside of hopper or bin over 
a reinforcing plate. 


53 @ NOZZLES, WELDING NECKS 
AND FLANGES. For the engineer 
concerned with pressure vessel work, 
this —— manual of the Taylor 
Forge & Pipe Works is offered. Enor- 
mous amount of material in addition 
to the descriptions and specifications 
of the Taylor line of nozzles, welding 
necks, and large diameter flanges. 
Seventy-two pages plus a 42- bul- 
letin on All 
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details, specifications, proper use, 
etc., of these materials are covered in 
the book. Manufacturer will limit 
it to those having an interest in pres- 
sure vessel work. 


54 @ HYDROGEN ZEOLITES. An 
exhaustive explanation of zeolites 
with special emphasis on the use of 
hydrogen zeolites, a new Cochrane 
Corp. bulletin. History of the pro- 
cess, field of application of hydrogen 
zeolite data on silica removal from 
water, boiler feed preparations, 
the zeolite 
w di h 
zeolite installation, methods thd 
uipment used in industry, are in- 
duded. 


55 @ SPECIAL ALLOYS. Duraloy Co. 
Bulletin on alloys for resistance to 
corrosion, high temperatures, and 
abrasion. Covers Duraloy static cast- 
Duraspun centrifugally cast 
tu Details the position of the 
company in the field, explains the 
Duralizing process for adding a sur- 
face resistance to casti against 
oxidation and abrasion, gives charts 

corrosion resistance, alloy com- 
position, various treatments, ma- 
chinabilities, etc. Stress curves, etc. 
Specific uses are shown. 


56 @ KELLEX — ITS STORY. From 
The Kellex Corp., one of the first 
in the atomic energy field, an 18- 
page booklet describing its facilities 
and its work for the Atomic Energy 
Commission and Services. 
Essentially a story of an engineering 
group. Gives personalities, staff, in- 
stallation, etc., facilities of the com- 
pany. 


57 @ SPLIT CASE CENTRIFUGE. Single- 
stage split case centrifugal pump, 
a late development of The Deming 
Co. Either direct connection to elec- 
tric motor, steam turbine, gasoline 
engine, or belt drive. Capacities 
from 25,000 to 40,000 gals./min., 
heads 20 to 300 ft. 


: 58 @ BUBBLE-CAP ASSEMBLY. A 2- 


data sheet from The Pressed 
teel Co. on LeJons bubble-cap as- 
sembly. Features faster assembly and 
disassembly since the cap, riser and 
yoke come weld-assembled ready for 
wedging into position in tray. De- 
signed to save construction and 


: maintenance costs in tray construc- 


tion. Requires no bolts or nuts. 
Reverse side lists more than 150 
styles of standard bubble caps. 
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Badger can be of great assistance to you in 
speeding development of new products or proc- 
esses from your laboratory to full commercial 
production- 


Badger’s reservoir of engineering knowledge 
and experience can save you months in process 
investigation. 

Badger planning includes consideration of 
long range factors such as need for expansion 


BADGE 


BOSTON 14 +: | 


and the effect of possible technical and economic 
developments. 

When Badger handles all details of enginel- 
ing, procurement and construction you eliminate 
the necessity of expanding your own organization. 
Badger’s single responsibility often results in 
considerable savings in time and money. 


When your organization must rapidly complete 
process facilities involving new concepts get in 
touch with Badger. 


& SONS CO. « Est. 1841 
A SUBSIDIARY OF STONE & WEBSTER, 
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MARGINAL NOTES 


News of Books of Interest to Chemical Engineers 


In a Class By Itself 


Growth. H. E. Buckley. 
iley & Sons, Inc., New York, N. Y. 
(1951) 571 pp. $9.00. 
Reviewed by W. L. McCabe, Past 
President, AJI.Ch.E., and Vice-Presi- 
dent, Flintkote Co., Whippany, N. J. 


HIS excellent book presents a broad 

review of present experimental and 
theoretical knowledge of the subtle and 
important process of crystal growth. 
The literature on this subject is both 
extensive and diffuse. Much of it is in 
publications not usually accessible. Dr. 
Buckley has rendered a valuable service 
in assembling the data on crystal growth 
and critically reviewing them. The 
present volume provides the only com- 
prehensive and authoritative treatment 
of crystal growth in the English lang- 
uage. 

The material is assembled under the 
following general headings: solution, 
solubility, and supersolubility, with em- 
phasis on the work of Miers, de Coppet, 
Tamman, Young, and others; practical 
methods of growing crystals, with em- 
phasis on the art of growing large single 
crystals, and with a short discussion of 
some industrial methods; the various 
theories of crystal growth, starting with 
the older surface energy theory of 
Currie and others, and the diffusion 
theories of Noyes and Whitney, Ber- 
thoud, and Valeton, and concluding with 
detailed discussions of the recent struc- 
tural theories of growth advanced by 
Niggli, Kossel, Stranski, and Volmer; 
the controversial subject of ideal vs. 
real crystals; miscellaneous methods of 
crystallization, including crystallization 
from melts, from the vapor phase, 
growth associated with chemical change, 
growth from electrodeposition, and 
growth in the solid state; the diverse 
phenomena accompanying the dissolu- 
tion of crystals; crystal habit and its 
modification; various types of mixed 
crystallization and occlusions, including 
a short discussion of adsorption iso- 
therms; and a treatment of a number 
of peculiarities of crystal growth. 

The treatment is from a scientific, 
rather than from an engineering or 
technical, point of view. Industrial 
methods of processing are but lightly 
touched upon, and little attention is 
given to metallurgical problems. The 
topics covered are treated so well, how- 
ever, and the amount of information that 
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has been assembled is so large, so well 
organized, and so conservatively evalu- 
ated, that those interested in the scien- 
tific background of crystallization will 
welcome Dr. Buckley’s volume. 


Solving Problems the 

Engineering Way 

The Engineering Method. Charles 
Lounsbury Fish. Stanford University 
Press, Stanford, Calif. (1950) 186 pp. 
$3.00. 
Reviewed by Thomas K. Sherwood, 

Dean of Engineering, Massachusetts In- 

stitute of Technology, Cambridge, Mass. 


HIS is a somewhat detailed analysis 

and description of the engineering 
method of tackling problems and making 
decisions. The approach is logical to 
the point where the book might be 
described as an application of the engi- 
neering method to the problem of de- 
scribing the engineering method. It does 
this well, but perhaps too thoroughly— 
few good engineers use such elaborate 
formal procedures in their thinking as 
those which the author describes. This 
fault is accentuated by the complicated 
diagrams used in the analysis of illus- 
trative problems, and by the contrast 
between the properly simple problems 
used (which of three hats to buy) and 
the clumsy but logical nature of the 
formal approach described. The writing 
is just sufficiently complicated to require 
a number of definitions : “to evaluate the 
question” means “to find the answer to 
the question.” One wonders why 
“answer” could not have been used for 
“evaluate.” 

The engineering teacher and practic- 
ing engineer will enjoy parts of the 
book, such as the description of John 
R. Freeman's selection of a water sup- 
ply for San Francisco. The emphasis 
on the uncertainties and the necessity 
for judgment in engineering is excel- 
lent, eg. “All larger engineering 
questions are questions of choice, and 
it is only among their subquestions— 
the questions as to the values of their 
factors—that the computable questions 
are encountered.” 

The book is a reprint of part of the 
larger volume, “The Engineering Pro- 
fession” by J. T. Hoover and J. C. L. 
Fish (Stanford University Press, 
1946). The worthwhile preface, “The 
Grand Strategy of the Engineer” is 
quoted from a 1925 address by Prof. 
William F. Durand. 
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Behaviorism in Metallurgy 


The Behavior of 
H. W. Gillett. John Wiley & Sons, 
a New York, N. Y. (1951) 395 pp. 


Reviewed by Norman S. Mott, Chief 
Chemist and Metallurgist, The Cooper 
Alloy Foundry Co., Hillside, N. J. 


R. GILLETT’S book encompasses 

the extremely wide field of metal- 
lurgy in such a manner as to provide 
the not-too-technical individual with a 
practical working knowledge of its 
fundamentals and manipulations. This 
book should enable inspectors, designers. 
purchasing agents, construction engi- 
neers, and the like to perform their 
duties more satisfactorily based upon an 
understanding of metallurgical princi- 
ples and practices involved, and offers 
a foundation for more extended study 
in any metallurgical field of special in- 
terest. Pertinent references given in 
the text are helpful in this respect. 

The up-to-date and modern coverage 
ranges through the basic concepts of 
metallurgy, the behavior of metals and 
alloys including the newer and less- 
known metals titanium and zirconium, 
the technological manipulation of metals, 
inspection and control testing, economic 
and availability considerations, and also 
such unique subjects as the metallurgical 
requirements of atomic energy applica- 
tions. 

Great regret is expressed that the 
author, who so ably and thoroughly 
brought highly technical metallurgy to a 
level of understanding suitable for the 
nontechnical and practical man, will not 
be able to see the extent of popularity 
and acclaim that this book is sure to 
acquire—the author died recently. 


Books Received 


Medicinal Chemistry. Vol. 1. A series of 
reviews prepared under the auspices 
of the division of medicinal chemistry 
of the American Chemical Society. 
ut Wiley & Sons, Inc., New York, 

. ¥. (1951) 473 pp. $12.00. 


Progress in Chromatography, 1938- 
1947. L. Zechmeister. John Wiley 
Sons, Inc.. New York, N. Y. (1951) 
368 pp. $8.00. 


The Chemistry of Hydrazine. L. F. 
Audrieth and Betty ~ = Ogg. 
ohn Wiley & Sons, Inc., New York, 

. ¥. (1951) 244 pp. $5.00 
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MARINE BORERS 
ni CHEWING UP YOUR PILINGS? 


Starve them with steel— plus 
NATIONAL graphite ground anodes! 


TRADE-MARK 


WHY GRAPHITE ANODES ARE BEST 


FOR CATHODIC PROTECTION: 


@ Complete and sure protection in 
sea water — indefinitely 


@ Positive control in any weather; 
just change a tap on the rectifier 
to raise or lower current input 


@ Perfect for use in high 
resistance soils 


@ Longest life of any anode 
material obtainable 


@ Thoroughly tested and 
proved in service for 
more than 20 years 


The term National” 
és a registered trade- mart of 
NATIONAL CARBON COMPANY 
a Division of 
men Carbide and Carbon Corpor ation 
30 East 42nd St., New York 17, ¥. 
Deserves Seles Offices 


Atlante, Chicago, Delles, Reaves City, 
New York, Pitsburgh, See Prencisce 


Canada: National Carbon Limited Toronto 


If your dock facilities are subject to attack by marine 
borers, install borer-proof steel pilings, and protect 
those pilings from underwater corrosion by economi 
cal long-lasting “National” graphite ground anodes. 


The anodes are lowered to the bottom and connected 
with a shore-based rectifier. Another wire from the 
rectifier runs to the steel pilings. When current is 
passed, it flows out from the pilings into the water 
thus giving very complete cathodic protection. No 
matter how severe the corrosive conditions are, you 
can regulate the current to afford the proper protec- 
tion, simply by adjusting the rectifier. 

Other advantages of steel pilings are: more strength 
... better fire resistance ...less maintenance ... lower 
insurance rates. 


“National” graphite ground anodes also provide the 
most practical and economical cathodic protection for 
buried pipe lines, tank farms, oil well casings, water 
mains, underground cables, ship bulls and dozens of 
other products buried in earth or submerged in water. 


Cathodic 


saves steel / 
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the experience 
recorded here... 
simplifies the application 
HILLS-MCCANNA 
Saunders Patent 
DIAPHRAGM VALVES 


(TTT) 


Is you are conveying corrosive or hard-to-handle fluids, a Saunders 
Patent Diaphragm Valve may be the answer to your valving problems. 
If so, the experience recorded in the five volumes illustrated above is 
your best assurance of getting the right valve for your needs. In these 
records are body and diaphragm material recommendations for handling 
some 2500 substances, based on Hills-McCanna’s nearly 20 years’ expe- 
rience in the manufacture and application of Saunders Patent Valves. 
If you have a tough valving problem, let this “know-how” work for you. 

Hills-McCanna Saunders Patent Diaphragm Valves are made in sizes 
from %" to 14” for manual, automatic or remote operation with a choice 
of 13 diaphragm materials and 48 body materials. Write for complete 
information. HILLS-McCANNA CO., 2438. W. Nelson St., Chicago 18, Ill. 


HILLS-M‘CANNA CO. 
saunders patent 
diaphragm valves 


Also manufacturers of — Proportioning Pumps 
Force-Feed Lubricators e Magnesium Alloy Castings 
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AN ENGINEER LOOKS 
AT U.N.E.S.C.O. 


By R. M. GATES 


1. UNESCO, the United Nations Edu- 
cational, Scientific, and Cultural Organiza- 
tion, started out with a mandate “to con- 
tribute to peace and security by promoting 
collaboration among the nations” by activi- 
ties in the three fields mentioned in its 
title. But education, science, and culture 
are very broad terms. . . . . In response 
to pressures from many sources, it tried 
to spread its limited resources and facilities 
over a wide range of projects . 

2. Some of these activities, nevertheless, 
have already shown worthwhile results. In 
three years voluntary groups in the ‘United 
States were responsible for sending over 
$200 million worth of materials and sup- 
plies for reconstruction of educational, 
scientific, and cultura! institutions in war 
devastated countries. UNESCO was active 
in publicizing needs and the Commission 
for International Educational Reconstruc- 
tion in this country coordinated and stimu- 
lated the activities of voluntary organiza- 
tions related to educational reconstruction. 

. . . And not least in importance, the 
bringing together of scientists, educators, 
sociologists, and others from many nations, 
to canvass needs .. . . has obviously been a 
substantial contribution to mutual under- 
standing among leaders in those fields 


3. The experience of the past three or 
four years has led to some shaking down 
of the diffuse UNESCO program, and it 
appears that this process will continue. . 

4. The United States National Commis- 
sion for UNESCO, set up by act of 
Congress in 1946, is designed to furnish 
UNESCO advice and support. It has 100 
members, of whom 60 are nominated by 
voluntary organizations in educational, 
scientific, and cultural fields and 40 repre- 
sent federal and state governments and 
broadly the public at large 
members of the National Commission have 
naturally had the same difficulty as the 
members of UNESCO in reaching a con- 
sensus. .... 

5. It seems to an engineer (1) that 
theory is more largely represented than 
practice on these bodies; (2) that the engi- 
neering profession ought to be more largely 
represented on both UNESCO and the 
United States National Commission, for 
many of the things that need most to be 
done “to contribute to peace and security” 
are in part or in essence engineering jobs; 
and (3) that “science” should be inter- 
preted to include applied science, instead 
of mainly “pure” science . 

6. Whether or not adequately represented 
on UNESCO and the United States Na- 
tional Commission, the organizations of 
engineers in this country and abroad can 
do much to serve .. . . UNESCO 

Iron curtains offer the least re sistance to 
engineering . . « « Even within the Soviet 
orbit, engineers probably take less ser- 
iously than most others the official Com- 
munist interpretation of American attitudes 
and purposes, because they get direct and 
objective information of the activities of 
fellow-engineers in the free nations. And 
peoples not yet behind the iron curtain may 
be helped to stay outside if engineering aid 


~ Mr. Gates is E.J.C. Representative on 
U. S. National Commission for UNESCO. 


(Continued on page 51) 
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E.J.C. CALLS FOR 
MORE ENGINEERS | 


The Engineering Manpower Commis- 
sion of Engineers’ Joint Council, of 
which A.I.Ch.E. is a member, has issued 
a call to principals, vocational council- 
ors, and guidance teachers, in the high 
schools throughout the land, to publicize 
the current shortage of engineering 
men. 

E.J.C. mailed to 23,000 high school 
principals a circular detailing the pres- 
ent critical shortage. A copy of “Engi- 
neering As A Career,” was also included 
with the pamphlet. 

In a release which went to the nation’s 
newspapers, E.J.C. called for doubling 
the present enrollment for years to 
come, 

According to W. A. Marshall, Jr., 
executive secretary of the Manpower | 99.98% 
Commission, 60,000 freshmen are called ty 
for in future enrollments. This, he said, | PURE 
would produce 30,000 graduates each | ; ‘ CHERRIES * REG. U. 5. PAT. OFF, 
year. He also predicted a shortage of : Pi 


40,000 engineers by 1954. ETROLEUM 
opucts 


AT CINCINNATI : 


The United States Atomic Energy 
Commission will construct a uranium 
ore refinery and other facilities for the | 
production of uranium feed materials 
on a 1,200-acre site near the Miami 
River, 19 miles northwest of downtown 
Cincinnati, Ohio. The new installation 
will produce uranium in forms suitable 
for use in the A.E.C.’s fissionable ma- 
terials production plants. 
The new facilities are being designed 
by Catalytic Construction Co., Philadel- 
phia. Acquisition of the land will be - 
undertaken by the Louisville (Ky.) Dis- “ 
trict Office of the Corps of Engineers 
and construction will begin as soon as - Ansul’s Technical Service Sives you the ben- 
right of entry to the site has been ob- efits of improved process efficiencies and 
tained. Final selection of construction quality control when using Ansul Liquid 
and operating contractors has not yet Sulfur Dioxide. 
been made. New uses of liquid sulfur dioxide are con- 
Selection of the site was made after CONSULT ANSUL’S STAFF tinually being evelo) . It's HIGH PUR- 
a three-month survey by the Commis- of trained and experienced ITY, GREATER ECONOMY, AND EASE 
sion’s New York Operations Office and Chemical Engineers. OF CONTROL provide a versatile and 
the Catalytic Construction Co. Divi- If you have a problem or effective chemical to a great variety of 
sional offices of the Corps of Engineers process involving acidifying, industries. 
and industrial representatives of ten neutralizing, bleaching, pre- To compliment the availability of liquid : 
railroads serving the Midwest and South serving, dechlorinating, reduc- —su/fur dioxide, Ansul has cataloged years of 
assisted in the survey. ne Ss Aasat's experience and research to provide a com- 
The A.E.C. stated that no atomic | io ten, -” service plete technical service covering present and 
weapons would be made at the site and potential uses of SO, in industry. 
that operations there would create no Write for File No. 302 and ask for specific 


environmental toxic or radiological information concerning your own applica- 
hazards. 


The cost of the new Feed Materials 
Production Center is estimated to be | 


at least $30,000,000. A_ permanent | 
operating force of about 1,200 will be | ANSUL 


(More News on page 40) | RIGIRANTS PRODUCTS AND CHEMICAL FIRE EX TINGUISHED 


TEXTILES 


Call on them for assistance, 
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In the measurement or control of liquid level — whether your problem involves 
turbulent, viscous or corrosive liquids, open tanks or closed pressure vessels 


— Foxboro offers complete diversity of premium-quality instruments to 


meet the requirements . . . and unmatched application experience to 
guide specification or design of the most efficient system for your operation. 


INDICATORS * RECORDERS * CONTROLLERS 
diaphragm, bubble tube, float, and differential pressure 
measuring systems for open or closed vessels 
PNEUMATIC OR ELECTRONIC TRANSMISSION 
* CONTROLLED VALVES 


Reg. U. S. Pat. Ott. 
for over 40 yeors, specialists in the measurement and control 
of temperature, pressure, flow, liquid level, humidity . . . 


= THE FOXBORO COMPANY * FOXBORO, MASSACHUSETTS, U.S.A. 
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TREASURER’S REPORT 


The accompanying balance sheet and statement of income and surplus have been examined by F. W. Lafrentz 
& Co., certified public accountants of 100 Broadway, New York, N. Y., and in their opinion present fairly the financial 
position of the American Institute of Chemical Engineers at December 31, 1950, and the results of its operation for the 
year then ended, in conformity with generally accepted accounting principles applied on a basis consistent with that 
of the preceding year. 
C. R. DE LONG, Treasurer. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
COMPARATIVE BALANCE SHEET 
DECEMBER 31, 1950 and 1949 
Assets 

1950 


Current Assets 
Cash on hand and demand deposits $115,214.70 ; .736.43 


U. 8. Government and other bonds, at cost plus accrued interest (Total 
market value and redemption value 1950, $74,450.50; 1949, $61,596.75) 74.427. 41,049.36 


Accounts Receivable 
Membership dues, less reserve for doubtful accounts . . : 936.10 770.87 
Entrance fees 100.00 
Publications and advances 23 606.72 
Meetings advances 3,912.75 


Inventory at Cost 


Paper stock . 9,854.96 
Stamped envelopes . 38 5,538.5 518.38 


Total Current Assets $200,547.5 


Deposits 
United States Post Office 
United Airlines, Inc 28 781. 


Purniture and fixtures, at cost 
wee reserve for depreciation 56 9.036 


Deferred charges ; $ 1,792 


Total $212,158 


Current Liabilities 
Accounts payable 
Printing and other expenses . 26 168.05 


Total current liabilities 7 168.05 


Deferred Income 
Dues paid in advance 66 9 $ 65,106.55 
Subscriptions 13,881.76 
her payments received in advance J ‘ 355.20 


Reserves 
Chemical Engineering Education Projects Fund J 2 2,184.59 
Student Meetings Fund ss 41.26 41.26 
Magazine Publication Program 17,873.91 19,827 38 13,871.16 16,096.81 


Surplus 107,963.14 62,315.21 
Total $212,158.20 $186,423.58 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
COMPARATIVE STATEMENT OF INCOME AND SURPLUS 
FOR THE YEARS ENDED DECEMBER 31, 1950 and 1949 


1950 
INCOME: 

Membership dues $146,712.31 $137,258.00 
Less amount allocated to subscriptions @ $4.50 per member 44,924.18 $101,786.19 42,069.75 $ 05,188.25 
Entrance fees 11,485.00 12,450.00 
Magazine income 162,399.04 153,840.60 
Bound volumes and Transactions, net sales 826 45 1,457.53 
Institute Meetings 

Surplus $ 8,928.30 & 2,069.46 

Less expense ee 709.30 3,219.00 658.738 400.73 


Emblem sales .. $ 2,399.50 $ 3,102.25 
Less purchases - 1,772.65 626.85 2,239.02 863.28 


Interest on investments 1,765.50 .933.50 


Total Income $282,109.97 183.84 
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4 
10,918.36 
$177,397.09 
a6 425.00 1,132.22 
$ 13,447.68 
85 5,553.41 7,894.27 
$186,425.58 
Liabilities 
i 
Page 33 


EXPENSES 


General Operations: 
Magazine expenses 
Salaries 
Employees Retirement Plan 
Rent and Electricity 
Postage 
Telephone and Telegrap 
Stationery and office supplies” 
Auditing 
Travel 


1950 


$ 90,029.91 
97,030.58 


Provision for depreciation of furniture ‘and “fixtures 


Provision for doubtful accounts .... 
Workmen's Compensation Insurance 
Miscellaneous 


Institute Meetings: 
Programs 
Travel 
Other 


British Transactions purchased ¢ 


Printed Material: 


Directory 


Ballot booklets, letterheads, envelopes, ete. 


Participations and Contributions 
American Standards Association 
Engineers 
Engineers’ Joint Council . 

The Chemists’ Club Library . 
Engineering Societies Library ..... 


National Water Policy Study Panel verted 


American Society for Engineering Educa’ 
U. 8 
American Documentation Institute 


Committee Appropriations: 
Council 
Admissions 
Awards 


Council for Professional Development. 


3,048. 


4,542.86 
1,937.65 
1,056.68 


$227,987.75 


$ 97,103.16 
93,090.22 


$221,972.04 


7,358.99 


11,411.08 


11,353 94 


500.00 
600.00 
234.90 
100.00 
100.00 
288.00 


tion .... 50.00 
National Committee on Theoretical and “Applied ‘Mechanics 


50.00 
25.00 $ 


Chemical E ngineering Education and Accrediting 


Constitution and By- 
Ethics 

Local Sections 
Membership 
Patents 
Professional 
Program 
Public Relations 

Student Chapters 

Symbols and Nomenclature 


awe 


Guidance 


Total Expenses 


Net Income for year ..... 
Surplus at Beginning of year 


Deduct: 


Reserve for Magazine Publication program 
Less net expenditure to end of year 
Magazine Publication program 


Surplus at End of Year 


3,682.51 
$262,459. 29 
$ 29,650.68 

96,186.37 


$125 25, 06 


$ 55,000.00 
3 


$ 17, 873.9) 91 


$107, 963. 14 


t+ Subsequent years transactions were purchased and resold 


1,947.90 


3,613.83 
$2 50, 873. 73.88 


$ 16,259.96 
79,926.41 
$ 96,186.37 


$ 55,000.00 
41,128.54 


$ 13,871.16 


82, 315.2 21 


SECRETARY’S REPORT 


S. L. TYLER 


HE Executive Committee met at 

The Chemists’ Club April 6. After 
receiving the Treasurer’s report and 
approving bills for payment the first 
order of business was the election of 
new members of which 144 were elected 
to Student membership; those listed in 
the March, 1951, Chemical Engineering 
Progress were elected to the grades in- 
dicated. 
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R. M. Torrey was appointed to the 
Committee on Admissions to replace 
W. I. Burt who had resigned. W. B. 
Polk was appointed a member of the 
Public Relations Committee. T. B. 
Drew was appointed Institute repre- 
sentative on the EJC Committee on 
Engineering Sciences. J. M. Church 
was appointed Institute representative 
on the ECPD Student Development 
Committee. L. W. Bass, R. P. Kite and 
N. A. Shepard were appointed alternates 
to our regularly designated representa- 
tives in accordance with the rules of 
the Perkin Medal Committee. These 


Chemical Engineering Progress 


representatives are W. L. McCabe as 
Past President, T. H. Chilton as Presi- 
dent and W. I. Burt as Vice President. 

Resignations of 15 members were 
accepted in good standing. 

Four elections to Junior membership 
were rescinded for non-acceptance. 

Secretary reported the addition of the 
following names to the Suspense List 
because of their entrance into the 
Armed Forces: F. S. Chalmers, J. G. 
Hayes, T. V. McGannon, Jr., P. K. 
Mulvany and R. S. Williams. 


(Continued on page 37) 
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U.S. MOTORS 


are asbestos-protected 


Life of a motor is proportional to the life of the insulation protect- 


ing its windings. While there is no way to guarantee perpetual life, 
there 7s a method of insulating the windings so that life will be in- 
finitely increased—by using ashestos insulation. That is the proved 
element used in insulating the windings in U. S. Motors. Asbestos 
is the greatest of all pliable, heat-resisting materials. 


AVOID THIS! 


U. S. WINDINGS MOST 
RESISTANT TO HEAT 


A burnt-out motor is evi- 
dence that the windings 
have tailed. Commonly 
used cellulose materials can 
carbonize, changing from 
insulator to conductor, 
whereas asbestos is a fibrous 
rock whose silken fibres can 
turn red hot but cannot car 

onize. U. S. windings are 
forever protected 


(A)—Empry stator slot before insulating 
and winding. (B)—Formed cell of ashes 
tos providing a heat-proof wall of insula 
tion C) —Cross section showing wires 
inserted, with asbestos cell covering en- 
tire winding. Asbestos plateboard in cen- 
ter of slot separating and insulating be 
tween coils. (D Ashestosite (in color) 
torced around windings, penetrates every 
interstice 


See 


next page) 
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U.S. MOTORS 


offer these advanced features: 


ASBESTOS-PROTECTED WINDINGS 
NORMALIZED CASTINGS 

ANNEALED STEEL LAMINATIONS 
SOLID CENTRICAST ROTORS 

DUAL CYCLONE VENTILATION 
LUBRIFLUSH LUBRICATION 
STREAMLINED, SHIELDED HOUSINGS 


Since the inception of U. S. Motors in 1908, 
a highly successful principle has been main- 
tained—to build up to a quality, not down to 
a price. You can sense U. S. quality in the 
appearance of these motors. But even more 
impressive are the many advanced features 
that insure longest life. 


Every U. S. Motor is asbestos-protected— 
because asbestos cannot carbonize. This is 
an exclusive U. S. feature. By normalizing 
castings, bearing alignment is maintained so 
Type VE, U. S. Horizontal Varidrive Motor that destructive stresses cannot occur. Lubri- 
flush lubrication presents a convenient 
means of purging the bearings of old, worn- 
out grease and replacing the entire bearing 
chamber with new lubricant without dis- 
turbing the bearing setting. The bearings are 
also self-lubricated for normal life so that 
even if the old grease is never replaced, bear- 
ings are protected. 


YOU'LL FIND LOTS OF INTEREST IN THIS BULLETIN 
—showing 15 latest types 
of U. S. Motors 


All types of U. S. Motors reproduced 
from natural color photos are included, 


to give you a clear conception of the ex- 
tensive line available. Write for Bulletin 
1543. Mention type of motor you desire 


and Bulletin featuring that type of motor 
will also be sent. 


Type SE or SD, U. S. Totally-Enclosed Fan-cooled Motor 


U.S. ELECTRICAL MOTORS Inc. 


PACIFIC PLANT: Los Angeles 54, California ATLANTIC PLANT: Milford, Connecticut 


Atlanta 3, Ga.; Bakersfield, Calif.; Boston 16, Mass.; Chicago 8, IIll.; Cincinnati 16, Ohio; Cleveland 14, Ohio; Dallas 9, Texas; Detroit 2, Mich.; | 
Fresno 1, Calif.; Houston 4, Texas; Indianapolis 4, Ind.; Milwovkee 2, Wisc.; Minneapolis 2, Minn.; New York City 6, N. Y.; Philadelphio 2, Po.; : 
Pittsburgh 2, Pa.; San Francisco 7, Calif; Seattle 4, Wash. » » » » Distributors and Agents in all principal cities. 


Type GD, U. S. Syncrogear Motor 
we 
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SECRETARY'S REPORT 


(Continued from page 34) 


1949 Transactions—The Institution | 
of Chemical Engineers 


The 1949 Transactions of The Institu- 
tion of Chemical Engineers (London), 
Volume 27, will be available in the 
relatively near future. As in previous 
years these Transactions are available 
on an individual order basis. The price 
will be $5.25. Orders should be placed 
promptly with the office of the Secre- 
tary, 120 East 41st St., New York 17. 

This volume contains the usual infor- 
mation such as names of officers and 
Council for 1949, annual report of Coun- 
cil and balance sheet for 1948. 

The following articles are also in- 


cluded : 


Conference on Drying 
The Mechanism of the Drying of Solids. 
Part |. The Forces Giving Rise to 
Movement of Water in Granular Beds 
During Drying—J. F. Pearse, T. R. 
Oliver and D. M. Newitt. Part II. 
The Measurement of Suction Potentials 
and Moisture Distribution in Drying 


Granular Solids—T. R. Oliver and 
D. M. Newitt. 

Vacuum Freese Drying—H. H. Cham- 
bers. 

Drying Machinery and Its Development 
—E. F. Mactaggart. 


Radio Frequency ODrying—R. L 


Stephens. 
The Catalytic Cracking of Acetic Acid for the MODERN heat transfer medium 
the Production of Acetic Anhydride—L 
W. J. Loveless. 
Materials of Construction for Use at Low _ Process men in many industries have proved by long 


Use use the economies offered by Dowtherm— the con- 
Stills for the Distillation of Heat-Sensi- trolled heat transfer medium. 
tive Materials—C. H. G. Hands and W. . 
© Mermean. Operating at low pressures and with precise uniform- 
Seq Apetetions of Vacuum to Industrial ity over a wide range of high temperatures, Dow 
of tor therm effects vital savings in time and materials. 
ical Proceseco—G. Asrowamith Uniform temperatures put an end to spoiled batches, 


Solvent Extraction as a Unit Process—J. C. costly shutdowns and replacements. Dowtherm not 


to Couttanene Pet only ine reases quality and produc tion, but also 

Splitting—C. B. Cox. assures efficiency with a minimum of maintenance 
The Fabrication of Chemical Plant in and operating costs. 

Stainless Steel—A. C. Branch and J. L ‘ 

Sweeten. (Awarded the Moulton Medal Where your operations require accurate, low pres- 

1949). sure heating in the 300°-750°F. range, use Dow- 


wide-awake process men value 


erford and K. Ruschin 

Heat Transfer in Condenser-Evaporator THE DOW CHEMICAL COMPANY 
Units Used in Air Separation—M. Guter 

Heat Transfer from Condensing Oxygen MIDLAND, MICHIGAN 
and Nitrogen Vapours—G. G. Haselden, 


and S. Prosad 
and Liquid Nitrogen—G. G. Haselden 


Peters. 

ecent Developments in Submerged Com- 

The Composition of Fractionating Column ——— 

Products under Various Reflux Condi- “Tell mare BOWTHERM.” 
tions—J. S. Forsyth and N. L. Franklin. ae 

The Flow of Fluids Through Granular 
Beds: Effect of Particle Shape and V vids Compony 
in Streamline Flow—J. M. Coulson. 

The Mechanism of the Displacement of Address 
Liquids from Porous Solids—D. I. W. 
Atkinson (Awarded the Junior Moulton 
Medal 1949). 


| THE DOW CHEMICAL COMPANY 


City 
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CANDIDATES FOR MEMBERSHIP IN A.1.Ch.E. 


The following is a list of candidates for the designated 
grades of membership in A.I.Ch.E. recommended for elec- 
tion by the Committee on Admissions. 

These names are listed in accordance with Article III, 
Section 7, of the Constitution of A.I.Ch.E. which states: 


Election to membership shall be by vote of the Council upon recom 
mendation of the Committee on Admissions. The names of all applicants 
who have been approved as candidates by the Committee on Admissions, 
other than those of applicants for Student membership, shall be listed 
in an official publication of the Institute. If no objection is received 
in writing by the Secretary within thirty days after the mailing date of 


APPLICANTS FOR 
ACTIVE MEMBERSHIP 


Herman Bakken, St. 
Louis, 

Walter C. , ey Mar- 
shalltown, Del. 

Abbott Byfield, Neenah, 


is. 
W. H. Cain, Cuyahoga 
alls, O. 


Carney’s 
Coghlan, Arden, 
Troy, 


Floyd Corson, Brook- 
field, 
Elrod, El Dorado, 


ae M. Ewald, Kirkwood, 


Gerald L. Farrar, College 
Station, Tex. 

Edwin H. Garretson, Ro- 
chester, N.Y. 

Forrest E. eee, Bartles- 
ville, 

Emmanuel H. Guillis, Clif- 
ton, N. J. 

Kenneth R. Hancock, 
E. St. Louis, iil. 


Byron N. Inman, Kenmore, 
Geerge Kazan, Jr., Arden, 
Del. 


Fred J. Kirkish, Tarry- 
town, N. Y. 

John te Levergood, Clair- 
ton, 


Pa. 
— H. Lovett, Chicago, 
Clyde H. Mathis, Borger, 


ex. 

Alex Waynes- 
ville, N. 

Powers, New 
York, 

H. D. Radford, Texas City, 
Tex. 

Richard L. Ramsey, Mil- 
waukee, Wis. 


B. Rocca, Toronto, Ont., 
Canada 


Frank H. Sanders, Bartles- 
ville, Okla. 

B. R. Sarchet, Beaver, Pa. 

Enno T. Sauer, Philadel- 
phia, Pa. 

George F. Schlaudecker, 
Toledo, Ohio 

M. W. Shellenbarger, 
Merchantville, N. J. 

Frank G. Smith, Jr., Louis- 
ville, Ky. 

Ss. Streep, Baltimore, 


Robert L. Teeter, Pittsfield, 
F. Thode, Orono, 
Me. 


Wm. E. Jr., New 
York, A 

Andrew w. Williams, Wil- 
mington, Del. 

Dwight Williams, Charles- 
ton, . Va. 

Donald E. Womeldorph, 
Wilmington, Del. 


APPLICANTS FOR 
ASSOCIATE 
MEMBERSHIP 
Olin F. Hardy, Jr., Maple- 
Henry rw Hess, Eliza- 
beth, 
M. A. Witte, Oklahoma 
City, Okla. 
APPLICANTS FOR 
JUNIOR 
MEMBERSHIP 
Charles N. Abbott, Dayton, 
Ohio 
John H. Barker, Spring- 
field, Mass. 
William G. Barker, Maple- 
wood, Mo. 
Theodore R. Beck, Seattle, 
Wash. 


James S. Benson, Cleve- 
land, Ohio 


the publication, they may be declared elected by vote of Council. If an 
objection to the election of any candidate is received by the Secretary 
within the period specified, said objection shall be referred to the 
Committee on Admissions, which shail investigate the cause for such 
objection, holding all communications in confidence, and make recom- 
mendations to the Council regarding the candidate 


Objections to the election of any of these candidates 
from Active Members will receive careful consideration 


if received before June 15, 


1951, at the Office of the 


Secretary, American Institute of Chemical Engineers, 120 


East 41st St.. New York 17, N 


Edward H. Berg, Woods- 
town, N. 
M. B. Brooklyn, 


H. Black, Balti- 
more, Md. 

Hampton Miller Burt, 
Talladega, Ala. 

D. T. Campbell, Devon, 
Alta., Canada 

Robert A. Campbell, Her- 
mosa Beach, Calif. 

William J. Chambers, Jr., 
Oak Park, iil. 

Alberto Chamorro-B, 
Nicaragua, 


Lewis H. Conklin, Cuya- 
hoga Falls, Ohio 
James R. Couper, St. Louis, 


Robert L. Daileader, Belle- 
rose, N. Y. 
Charles J. Jr., Pitts- 
burgh, 
Donald Metuchen, 
J 


Milton L. Dunham, Jr., 
A 
Roy T. Eby, Texas City, 


Tex. 

Ernest L. Fallwell, Wil- 
mington, Del. 

Thomas A. Feazel, Baton 
Rouge, La. 

John R. Ferron, Niagara 
Falls, N. Y. 

Joseph Flum, Brooklyn, 


Herbert M. Fried, Yonkers, 
Richard Gustafson, 


Beaver, Pa. 

Thomas A. Haverfield, 
Akron, Ohio 

Robert D. Jeep, Kirkwood, 


Mo. 

Frederick A. Kays, Jr., 
Kingsport, Tenn. 

Joe T. Kelly, Texas City, 


Tex. 
Robert E. Logsdon, 
Chicago, 
William D. Luker, 
Savannah, Ga. 
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Donald H. MacDonald, 
Berea, Ohio 

A. Marino, 

ow, Mass. 

ean J. Marlowe, Somer- 
ville, N. J. 

Harold F. Mason, Bristol, Pa. 

Benjamin T. McGill, Free- 
dom, Pa. 

Paul Meriage, St. Louis, Mo. 

Robert W. Morrison, 
Crystal Lake, 

Gordon H. Pedersen, Madi- 
son, Wis. 

Miroslav J. Pistek, Brook- 
lyn, N. Y. 

Adam J. Pow, Jr., Birming- 
ham, Ala. 

R. R. Purohit, West End, 

alif 


Calif. 
Reeds, Akron, 
° 
Robert N. Secord, Boston, 
M. 


ass. 
V. V. Shah, Dethi, India 
Robert D. Sinner, Ames, 


owa 

Francis K. Smith, Western- 
port, Md. 

Smith, Wheaton, 


Albert J. Stevens, Phila- 


hio 
Robert Thomson, Charles- 
ton, W. Va. 
R. Tucher, Louisvivlle, 


R. Pp Webb, Hermosa 
Beach, Calif. 

John Phila- 
delphia, Pa. 


Henry Wigton, Boulder, 


G. J. Williamson, Spring- 
field, Mass. 
C. Williamson, Pit- 


Pa. 
Alfred. Withrow, Day- 
ton, Ohio 
Harry P. Wood, Oak Ridge, 
Tenn. 
Chang-Lee Cin- 
cinnati, 
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WITH STANDARDP-HERSEY 


ROTARY DRYERS 


MORE THAN 30 @ Here is a case where Standard-Hersey advanced engineering has 
TYPES OF STANDARD- made teamwork pay dividends in stepping up production of artificially 


HERSEY DRYERS colored roof granules 
AGE AVARAGIS (i With the previous system, consisting of dryer, kiln and cooler, in series 
ALL COMMERCIAL SIZES it was found that production was being limited by dryer capacity 


FOR EVERY Addition of the Standard-Hersey pre-heater, shown above, rounded out 

PROCESS INDUSTRY the team. It works like a double header locomotive in sharing the dryer 
load and thereby cutting drying stage time. Urgent 

peed production schedules are being met at much lower 

cost than the outlay for a second complete 3-unit 

plant. 


SEND FOR NEW DRYER BULLETIN 


Complete illustrated brochure describing advan- 
tages and features of Standard-Hersey Dryers, 
kilns, Coolers and Calciners; tells operation of 
Standard-Hersey “pilot” dryer for pre-testing your 
product. Write for Dryer Bulletin No, 508 


STANDARD STEEL CORPORATION 


5055 BOYLE AVE., LOS ANGELES 58 ° 123-55 NEWBURY ST., BOSTON 16 
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(News continued from page 31) 


UNIV. OF TENNESSEE 
GIVES PH.D. DEGREE 


The first Doctorate in chemical engi- 
neering conferred by the University of 
Tennessee was awarded to F. S. Chance, 
Jr., at the March commencement exer- 
cises. Chance, a B.S. graduate of the 
University of Tennessee in 1937, is now 
employed by Chas. Pfizer & Co., Inc. 

The doctoral program of the Univer- 
sity of Tennessee is relatively new; the 
board of trustees of the University, of 
which Governor Browning of Tennessee 
is a member, gave permission to grant 
such a degree in chemical engineering 
in September, 1950. The University has 
granted M.S. degrees in chemical engi- 
neering for 16 years and at present, 
chemical engineering is the only engi- 
neering department of the college to 
grant Ph.D. degrees. 

The University now has six additional 
students working on doctoral researches. 

The first’ B.S. at the University in 
PYROFLEX CONSTRUCTIONS | chemical engineering was granted in 
1908. The chemical engineering de- 
. 3 partment was split off from the chem- 
Typical installations istry department in 1936, and was ac- 
credited by A.I.Ch.E. in 1939. 


Pyroflex constructed HC! cooling tower. 


This engineered functional equip t coml the positive corrosion 
protection of Pyroflex sheet lining with the rugged strength of acid-proof DOW TO OPERATE 
masonry. However, Knight uses many other types of materials depending NEW A.E.C. PLANT 


esaeieozane The United States Atomic Energy 
Commission recently announced a new 
production plant which will be built on 
a four-square mile site in the rocky flats 
— P area of Boulder and Jefferson Counties, 
$0» Gas, H.SO, Col. Acquisition of land for the new 
Tower and Water facility, a secret type of operation, will 


nee ~~ begin immediately by the Missouri 

Chlorinator | er of Engineers, 
7 Acid Mi ae epartment of the Army. 

Sxtrecter ao Estimated cost of the facility is 


$45,000,000. 
Cooling Tower Cone. HSO. and The Dow 


Chemical Co., Midland, 
Mich., will operate the plant and has 
Drying Tower ~ Cone. H.SO. and assisted in establishing production re- 
quirements and site criteria. It is ex- 


| Pickling Tank | % H,SO, | pected 1,000 persons will be employed 


Storage Tank | 33°% = 1 and Traces when full operations commence. F. H. 
Organic Solvents | 85°F | Langell of Dow will manage the plant. 


STANDARD STOKER 
Cus NOW READ STANDARD 
Absorbers Acid Storage Tanks 
Acid Boilers Plating Tanks The Standard Stoker Co., Inc., has 
— changed its corporate name to Read 
Concentrators Scrubbers Standard Corp. This is a change in 
Distillation Towers Sumps name only with no change in owner- 
Gas Coolers Tanks ship, management or personnel. 


The company products now include 
When inquiring about Pyroflex Constructions, please specify Readco chemical processing equipment, 


type of equipment in which you are interested as well as service bakery machinery and ovens, products 
conditions involved. Bulletin No. 2-F will be sent on request. heretofore of Read Machinery Division. 
In addition, axial flow positive pressure 
Standardaire blowers for varied indus- 


aurice A. Kni e ht 705 Kelly Ave., Akron 6, Ohio tries, and Standard stokers for railroad 
Acid and Alkali-proof Chemical Equipment and industrial use, are made by the 


corporation. 
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ONCE A SPECIALTY...NOW MASS-PRODUCED 


PRODUCTION OF STAINLESS 
STEEL PUMPS FAST and ECONOMICAL 
WITH “HAYNES” PRECISION CASTINGS 


Stainless steel gearless pumps were strictly a 
“specialty” item with a New Jersey pump manufac- 


turer until investment castings were put to work, 
They are now being mass-produced as a standard item. 

Fabrication of the pumps is easy and economical. 
The precision investment castings—two body sec- 
tions and an impeller guide—require only a few 
finishing operations before assembly because they 
are cast so close to size. For this reason, there is no 


excessive waste in machining. The parts have a sound, 


dense structure, and the surfaces are exceptionally 
smooth. Even the lettering that identifies the manu- 
facturer, the model, and the patent numbers is cast 


so precisely that it is clear and legible. 


Use of Haynes precision investment castings has 


thus made it possible to produce pumps with excel- 


lent appearance and long service life at attractive 
prices. For examples of other successful applications 


of these castings, and also tips on designing parts to 


be produced by this method, write for the booklet, 


“Investment Castings.” 


less pumps (above) has enabled o New 


Haynes Stellite Company 
H AYNE Union Carbide cmd Carbon Corporation 


TRADE-MARK General Offices and Works, Kokomo, indiana 
Sales Offices 
a Chicago — Cleveland — Detroit — Houston 


les Angeles—New York —San Francisco— Tulsa 


“Haynes” is a trade-mark of Union Carbide and Carbon Corporation. 
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LONG ISLAND COOLING 
PLANT 
(Continued from page 21) 


water, using 633 gal./min. of sea water 
at 70° F. 

Three compressors are electrically 
driven one by a 2000-hp. motor and 
two each by 800-hp. motors. The latter 
two units are cooled by 208 sections 
arranged in 13 parallel stacks, 16 sec- 
tions high. These sections cool 630 
gal./min. of compressor jacket water 
from 113° to 90° F. using 550 gal./min. 
ot sea water. 

Jacket water for the two gas engines, 
circulated at 1400 gal./min., is cooled 
by 11 parallel stacks, 10 sections high. 
Sea water flows over these cooling sec- 
tions at the rate of 420 gal./min. to 
lower the temperature from 162° to 
150° F. 


COMPETENT BOARD DE- 
FENSE PERSONNEL URGED 


Establishment of a competent board 
the level of the Secretary of Defense, 
composed of technically qualified people, 
both military and civilian, and having 
final authority for calling technically 
trained personnel to active duty, was 
urged as necessary to national safety, 
by Carey H. Brown, chairman, Engi- 
neering Manpower Commission, Engi- 
neers Joint Council in a letter to Gen- 
eral George C. Marshall, Secretary of 
Defense, made public recently. 


Grave consequences of dissipation and 
wasteful use of the nation’s trained and 
skilled young men were pointed out by 
Mr. Brown as reasons for the Commis- 
sion’s recommendations. 


PANEL ON CHEMICAL 
ENGINEERING PLANNED 


A panel of chemical engineers from 
universities and industry will discuss 
the general topic, “Whither Chemical 
Engineering Science?” this December 
at the Atlantic City meeting of the 
A.L.Ch.E. according to plans just com- 
pleted. The panel will be composed of, 
Prof. G. G. Brown, chairman, depart- 
ment chemical & metallurgical engineer- 
ing, University of Michigan, as mod- 
erator, plus Prof. J. H. Rushton, direc- 
tor, department of chemical engineering, 
Illinois Institute of Technology, Prof. 
J. C. Elgin, assistant dean, school of 
engineering, Princeton University, 
Prof. R. L. Pigford, chairman, depart- 
ment of chemical engineering, Univer- 
sity of Delaware, Dean T. K. Sherwood, 
dean of the college of engineering at 
M.LT., and Karl H. Hachmuth, re- 
search planning board, Phillips Petro- 
leum Co. 

The panel is scheduled for Sunday 
afternoon, Dec. 2, 1951. At that time 
it will discuss underlying fundamentals 
of chemical engineering, and explain 
and explore new avenues of teaching 
unit operations and other chemical engi- 
neering subjects. 


U.P.A.D.I. ORGANIZED AT HAVANA 


Members of the engineering societies participating in Engineers Joint Council 
and the Engineering Institute of Canada who attended the Conference in Havana, 
April 19-22, 1951, at which a working Constitution and Bylaws for the next three 
years of UPADI (Pan American Union of Associations of Engineers) was approved 
and recommended for submission back to the parent societies: Left to right: 
S. S. Steinberg, A.S.C.E. (Advisor); J. M. Todd, president, E.J.C. (A.S.M.E.); 
J. Vance, president, Engineering Institute of Canada; W. N. Carey, executive secre- 
ryt A.S.C.E.; A. Ackerman, chairman, E.J.C. Delegation (Member, A.S.M.E., 
A.S.C.E., A.LE.E.); L. Austin Wright, secretary, Institute of Canada; 


T. G. LeClair, president, A.I.E.E.; S. L. Tyler, secretary, A. 


Ch.E.; S. E. Reime’ 


secretary, Committee on International Relations of E.J.C. (A.S.M.E., A.S.C.E.); 
G. A. Hathaway, president, A.S.C.E.; F. Agthe, A.I.M.E., and W. Carson, A.I.M.E. 

A preliminary draft of an international code of ethics by the 
engineers representing 15 Pan American countries. 
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LOCAL SYMPOSIUM 
(Continued from page 20) 


pearance, confidence and poise, initiative 
and a true desire to sell were stressed 
as some of the necessary characteristics 
of a potential sales executive. A good 
general technical education, an acquaint- 
ance with the humanities, a grounding 
in business principles, a background of 
outside interests or hobbies, little or no 
experience in purely technical work, and 
six months to one year as a trainee 
constitute proper training for the poten- 
tial sales manager. 

Monsanto, Mr. Gillis added, develops 
its candidates through an Executive 
Development Program. This system in- 
cludes annual interviews and merit rat- 
ing, Opportunity to move from job to 
job to obtain greater breadth of capac- 
ity, and leaves of absence for study of 
advanced management courses. 

Dean T. K. Sherwood added to the 
afternoon's session by discussing the 
nature of the administrative function, 
the qualifications of good administra- 
tors, the current methods of training 
and selection and suggested procedures 
for both employer and engineer. Dr. 
Sherwood stated that management today 
must deal with complicated inter-rela- 
tionships of multiple products, processes, 
and changing market situations as 
affected by technical developments in 
other industries. Thus, executives who 
have a background of science and engi- 
neering are well qualified to deal with 
the problems of industrial management. 

Dr. Sherwood quoted a recent study 
by the Du Pont Company which showed 
that they paid more for psychological 
and personality qualities than for ability 
and knowledge qualifications. Thus, it 
can be seen, he said, that our universi- 
ties and institutes must train men in 
cooperation, initiative, creativeness, 
judgment, leadership, ability to teach 
and supervise, rather than to increase 
the teaching of diverse technical 
courses. 

Some steps that engineering schools 
take to provide the student with the 
business perspective necessary for man- 
agement responsibility are, in Dr. Sher- 
wood’s opinion, the cooperative plan, 
practice schools, lectures by men from 
industry, night courses, electives in non- 
technical courses, and real experience 
in management through various student 
government activities. 

The engineer with managerial aspira- 
tions can further his development, said 
Dr. Sherwood, by studying the com- 
pany’s finances, methods of deterinining 
costs, their patent position, the com- 
pany’s principal competitors, their ad- 
vantages in the competitive market, and 
relations with the labor unions. 

(The End) 
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The Struthers Wells 


Hydrogenator 


ee Advanced Agitator Design 


occessible 
without re- 


= = Thorough Dispersion of 
a Gases and Solids 


The agitators, supporting structure, agitator 
shaft seals and drive incorporated in the new 
Struthers Wells Hydrogenator have been 
carefully designed to give maximum effi- 
ciency and long trouble-free service in dis- 
Removable arm ra- | persing gases and catalysts under normal 
or extreme conditions of temperature and 
sheoring action and pressure. 
rapid overturning of The diagrammatic illustration at the left 
the liquor, self clean- = Shows how the agitator shaft is independently 
ing in operation 
supported at two points within the vessel. 
Note how the radial propeller agitators are 
P— Bottom flush valve mounted in multiple on the shaft dividing the 
overturning of the content into several strata. 
The coils are carefully located to provide 
Removable bottom minimum obstruction to proper agitation and 
— the flush outlet valve eliminates a pocket into 
which the catalyst might accumulate. This 
type of equipment is ordinarily made of stain- 
less, nickel, monel, inconel or mild steel and 
individually designed to operate under spe- 
eT a cific conditions of pressure, vacuum, temper- 


RADIAL PROPELLER ature and degree of agitation. 


Because of its high peripheral blade speed and the rapid over- 
turning and turbulent motion it imparts to the liquor, the radial 
propeller effectively disperses and entrains both the hydrogen 


§6STRUTHERS WELLS 


CORPORATION 
Process Equipment Division ... 
PLANTS AT WARREN, PA. 
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LOCAL SECTION NEWS 


PHILADELPHIA- 
WILMINGTON 


\t the regular meeting of this section 
held April 10 at the Clubhouse Hotel, 
Chester, Pa., the winners of the Zeis- 
berg Memorial Award, who are students 
in chemical engineering at their respec- 
tive schools, were announced as follows: 


First prize—Lester E. DeBaun, Jr., 
Drexel Institute of Technology 
Second prize—John B. Lambert, 

Princeton University 
Third prize—John D. Potts, Uni- 
versity of Pennsylvania 


\. H. McKinney, chairman of the 
Zeisberg Award Committee pre- 
sented the awards, which are technical 
books of the winners’ own selection. 
These awards established by this section 
m 1941 are given for excellence in 
technical report writing to winners of 
a competition open to students in chem- 
ical engineering courses in the following 
schools: Bucknell, Drexel, Lehigh, La- 
fayette, Princeton, Delaware, Pennsyl- 
vania and Villanova. The award is 
offered in memory of the late Fred C. 
Zeisberg, Past President of A.I.Ch.E. 

DeBaun, Jr., who served in the 106th 
Cavalry group in the European theatre 
during World War II, plans to go into 
production engineering or technical sales 
development work. Lambert, winner of 
the second prize, was employed last 
summer by Procter and Gamble Co., 
Dallas, Tex. His future plans include 
graduate study at the University of 
Wisconsin and subsequently design or 
process development work in industry. 

Potts received his discharge from the 


Army in 1946 and was employed by U. S. 
Department of Agriculture in Eastern 
Regional Research Laboratory. During 
this, his senior year, he is working with 
Atlantic Refining Co. on plant design 
problem of portable natural gasoline 
unit. 

The speaker for the evening was R. 
D. Morse, engineering research labor- 
atory, Du Pont Experimental Station, 
Wilmington, whose subject covered 
Fluidized Solids Techniques. He re- 
viewed their potentialities and limita- 
tions as applied to chemical processes 
other than petroleum cracking. 

About 130 persons attended the meet- 
ing which was preceded by a dinner 
attended by approximately 85 people. 

Reported by A. H. McKinney 
and William E. Osborn 


TEXAS PANHANDLE 


Thomas H. Chilton, President of 
\.1.Ch.E., addressed the April 12 din- 
ner meeting of this Section which was 
held in Borger, Tex., and at which 80 
or more members and guests were pres- 
ent. Dr. Chilton’s talk titled, “Units— 
Scientific and Technical,” was concerned 
with the functions of various societies, 
the purpose of which is to advance the 
profession of engineering. He went on 
to discuss the diminishing supply of 
engineers and the critical shortage which 
could very well occur at a time when 
the nation needs them most. 

Reported by W. B. Polk 


CENTRAL VIRGINIA 


This Section’s dinner meeting held at 
the Hotel General Wayne, Waynesboro, 


ZEISBERG CONTEST WINNERS 


L. E. DE BAUN, JR. 


J. B. LAMBERT 


J. D. POTTS 
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Va., April 6, 1951, was attended by 51 
members and guests. 

It was announced that L. E. Poese 
was appointed secretary-treasurer of the 
section. 

John Larson of Fischer & Porter Co., 
Hatboro, Pa., gave a talk on “Predict- 
able Metering Elements for the Flow- 
rater Meter and their Effect upon the 
Specifications and Use of Flowrater 
Meters.” 

Reported by L. E. Poese 


NEW YORK 


Symposium—New Techniques and De- 
vices for Process Engineering 
The annual symposium of this section 
is now scheduled for Oct. 25 to be held 
at the Hotel New Yorker. It will be 
an all-day affair and will include a 
luncheon but not an evening meal. The 
general theme is “New Techniques and 
Devices for Process Engineering.” 
Though the speakers have not yet 
been designated the following papers 
are included in the preliminary pro 
gram: 


i essing— Armour Co. 
g Wilcox Co 
Hermetik Pump—Atlantic Pump Co. 
Porous Metals—Micro Metallic Corp. 
Air-cooled Exchangers— 7 rane Co 
New lIon-Exchange Applications 

Rohm ¢ Haas Co. 

The meeting on May 24 will feature 
H. J. Bowen, founder of the Industrial 
Models Co., Wilmington, Del., who will 
be the speaker at the annual business 
meeting. 

Mr. Bowen’s company has made 
models of chemical plants and oil re- 
fineries. It is hoped—though yet to be 
established—that future plants may be 
built with no formal piping drawings, 
but only isometric line drawings copied 
from the models, Mr. Bowen remarked. 

The luncheon meeting on April 17 
was held at the Brass Rail on Seventh 
Avenue. Speaker of the day was 
Chaplin Tyler, author of “Chemical 
Engineering Economics.” Mr. Tyler is 
currently a management specialist in the 
development department of Du Pont Co. 

Mr. Tyler presented a guide to man- 
agement that covers a wide range of 
subjects and is based on engineering 
evaluations. These guides come from 
unbiased studies covering many phases. 


Reported by J. F. Skelly 
and L. C. Johnston 


(More Local Section News on page 47) 
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SULFUR RECOVERY PROCESS 


sein flr the converstine of 


The availability of sulfur is rapidly becoming critical to the refining 
industry. First pinch was evident when sulfur and sulfuric acid were placed under 
allocation control by National Production Authority. 

Primary cause of sulfur allocation is a gradual depletion of known 
deposits. Secondary cause is the great demand for sulfur in the manufacture of vital 
defense program materials. Mined sulfur is the normal source for such materials. 
The refiner, however, has in most cases his own potential source of sulfur. 


Recvery from waste 


The refiner’s answer is the Mathieson Process for converting into sul- 
fur the waste hydrogen sulfide recovered from sour petroleum gases. This simple 
process—available through The Fluor Corporation, Ltd.—accomplishes two im- 
portant purposes: 


1. Guarantees independent supply by 
affording each refiner an independent 
sulfur supply to meet his particular re- 
quirements—protection for the present, 
additional income for the future. 


2. Conserves for national defense by 
contributing to the over-all National 
Defense Program in helping to con- 
serve a critical commodity. 


THE MATHIESON SULFUR RECOVERY PROCESS 
Hydrogen sulfide, recovered from a sour gas stream, 
is partially burned with air—cooling follows with 
steam generated being utilized fer power. Combus- 
tien gases are then passed through 2 catalyst tower 
te form sulfer and water vapor. Elemental sulfer 
predect is condensed in a wash tower by direct con 
tact with cooled liquid sulfer. The reselt is pore 
commercial sulter—ready for sale or for conversion 
inte sulfuric acid. 

1—TREATING PLANT, 2—REACTOR FURNACE, 3—AIR 
INTAKE, 4—WASTE WEAT BOILER, S—ECOWOMIZER, 
6—CATALYVIC CONVERTER, 7—SULFUR WASH TOWER, 
O_RECIRCULATING SUMP 


See Reverse Side 
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The Mathieson 
Sulfur Recovery Process 
AVAILABLE THROUGH FLUOR 


The proven Mathieson Process for the recovery of elemental 

sulfur from waste hydrogen sulfide gases is available under one 

contract, one responsibility through The Fluor Corporation, 

Ltd. With over 30 years’ experience in the design, engineering, 

and construction of plants and facilities for the petroleum and 

chemical industries, Fluor possesses the background, the skilled 

personnel, and the know-how essential for the practical inter- Fluor is in a position to make economic studies covering every 
pretation of the Mathieson Process into your particular sulfur phase of proposed sulfur recovery installations—initial invest- 
recovery program. ment, operating costs, and returns to the investor. 


A process for the recovery of Sulfur Dioxide 
is also available through FLUOR 


BE SURE WITH 


F LU 0 rk fi THE FLUOR CORPORATION, LTD., 2500S. Atlantic Blvd., Los Angeles 22, Calif. 


New York, Chicago, Boston, Pittsburgh, Tulsa, Houston, San Francisco, Birmingham, Calgary. 
REPRESENTED IN THE STERLING AREAS BY: Head Wrightson Processes Ltd., Teesdale House, Baltic Street, London, E.C.1., England 


aA 
Under 
line with Fluor’s expanding activity the fields of gas 
treating and sulfut recovery: arrangemen have been 
oas 1, made with the America® smelting and Refining Company 
i (ASARCO? for Fluor to desie™ enginect and construct 
sulfur gioxide recovery plants ysing the ASARC Process 
Fluor’s investigations nave show} this process to be the 
most guitadle of any qvailabdle for the removal and te 
AC) covery of pure sulfur dioxide from stack gases: 
in the application of the proces: the gs scrubbed with 
aniline which is then fed t© a trippin column for 
Te sulfur gioxide recovery in cyclic process: The resulting 
4 sulfur gioxide product may be and viquefies for 
sale iquid SO» or fed girectly an acid OF sulfur 
plant. 


LOCAL SECTION NEWS ____ Direct saving of cooling water expense returns to you 
(Continued from page 44) the cost of a Niagara Aero After Cooler 


ST. LOUIS in less than two years. 
This section held its meeting March | ; : 

20 at the York Hotel. Seventy members 

and guests heard John J. O'Neill, Olin 

Industries, Inc., describe his company’s | 

research organization and the method | 


O'NEILL 


which it uses to justify and evaluate in- 
dustrial research. Mr. O'Neill pointed 
out that technical teams can use this 
method to sell their services to manage- H { : 
ment and management can use it to | Ow to et 
measure the productivity of its staff. | 


Reported by A. T. Pickens | D pier Compressed Air: 


TIDEWATER VIRGINIA 
CHEMICAL ENGINEERS 
CLUB It prevents many troubles and saves 


This Club held its fifth program meet- much expense 
ing March 30 at the Traveller Restau- 


rant near Hopewell, Va. A. R. Bookout, 

@ NIAGARA AERO AFTER sumption. This saving quickly 
chemical engineers, members and guests COOLER cools compressed air returns the cost of the equipment 
attended the meeting. 

Bookout, formerly a member of the | 
general research group at Hercules Ex- | the surrounding atmosphere. ing water available for other 
periment Station near Wilmington, Del, | Therefore you get no further con- processes. 
spoke on “Equipment and Techniques . 
for Research at High Pressures.” The 
high pressure laboratory constructed by | much in repairs to pneumatic produces compressed air with 
Hercules in 1947 was described, with | 
emphasis on safety features included in 
design of building, equipment and con- much interruption to production; by ordinary cooling methods, 
trols. you save water damage in paint Other Niagara equipment pro- 

Recently elected officers are: 

President—W. C. Moser, Du Pont Co., 

Richmond, Va. process where compressed air requiring it. 

Vice-President and Program Chair- 

man: W. P. Manley, Hercules 


_ Powder Co., Hopewell, Va 2 rials or parts in manufacturing or a cooling problem, a Niagara 
Secretary—R. W. Nash, Du Pont Co.. 

Richmond (sand blasting, for example). engineer probably has an answer 
| Niagara Aero After Cooler that will improve your process or 


or gas below the temperature of to the owner or makes extra cool- 


densation in your lines. You save The Niagara Aero After Cooler 


tools and equipment; you save 30% to 50% less moisture than 


spraying, in air cleaning, in any vides bone-dry air for processes 


comes in contact with your mate- If you have an air problem 


Reported by D. L. Burrell | uses evaporative cooling, saving save you operating or mainte- 


COASTAL GEORGIA CHEMI- | of your cooling water con- nance expense. 
CAL ENGINEERS CLUB 


At the March 15 meeting held at the Write for Bulletin 98 
Mary Calder Golf Club in Savannah, | 


Ga., 58 persons heard T. H. Chilton N i AG A R A B L re) WwW E R g Om PA N Y 
give a talk on “Units—Technical and 
Scientific.” Dr. Chilton is President, Over 35 Years Service in Industrial Air Engineering 


American Institute of Chemical Engi- 
oanee ‘ Dept. EP, 405 Lexington Ave. New York 17, N. Y. 
Experienced District Engineers in all Principal Cities 
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SPARKLER 
FILTERS 


High quality, sharp filtration has 
always been one of the prime fea- 
tures of Sparkler Filters. Many times 
Sparkler Filters have been chosen 
by experienced filtration engineers 
for this one point of superiority. 


Here’s why 


... any kind of filter paper, 
cloth, or screens, and any 
filter media can be used to 
obtain maximumefficiency. 

. no breakage of the fil- 
tering surface even with 
intermittent operation as 
pressure is not required to 
hold cake in position on 
the horizontal plates. 

. flow is always with 
gravity, down through the 
cake in a natural direction. 
The cake will not break, 
crack or slip because it is 
supported in a horizontal 
position and is not sub- 
ject to tensile or distortive 
strain. 

When you are looking 
for fine quality filtering, 
Sparkler Filters will do 
the job. 

For personal engineer- 
ing service write Mr. Eric 
Anderson. 


SPARKLER MANUFACTURING CO. 


Mundelein, Ill. 


FILTERS'SPARRLER FILTERS 
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WASHINGTON CHEMICAL 
ENGINEERS’ CLUB 


Symposium—New Processes for 
Critical Organic Chemicals 


This section held a symposium April 
23, 1951, in the Interior Department 
Auditorium, Washington, entitled, “New 
Processes for Critical Organic Chem- 
icals.” The symposium covered a dis- 
cussion on some important new methods 
by which supply of organic chemical 
raw materials vital for military purposes 
and important in the civilian economy, 
can be increased. 

The moderator of the symposium was 
L. C. Kemp of New York Speakers 


and their subjects were as follows: 


Aromatics by the Platforming Process 
Vladimir Haensel, Universal Oil Prod- 
ucts Co., Chicago, lil 
Synthesis Via the OXO Reaction - 
. Levesque, Rohm and Haas Coe., 
Philo iphia, Pa 
Chemicals from Coal Hydrogenation— 
W. C. Schroeder, U. S. Bureau of Mines, 
Washington, D. ¢ 


A dinner was held prior to the sym- 
posium at the Roger Smith Hotel at 
which 50 members and guests were 
present. 

Reported by a Herron 


TWIN CITIES 


The April dinner meeting of this 
Section was held at the 
Athletic Club, April 3. Thomas Chilton, 
President A.1.Ch.E., spoke on 
Physical and 
number of members, guests, and students 
A.L.Ch.E. Chapter at the Uni 
versity of Minnesota were present. 


Minneapolis 


“Units, 
Protessional.” <A large 


irom the 


Reported by i M. Podas 


CHARLESTON, W. VA. 


A general meeting of this Section was 
held at the Charleston Recreation Center 
March 20, 1951. 

The speaker of the evening Was Eric 
R. Braun, director of engineering, 
Merck and Co., “Chem- 
ical Engineering in the Medicinal and 
Drug Industry.” 
tail on such things as chemical engineer- 


who discussed 
He went into much de- 


ing manpower disposition, typical build 
ing layout, waste disposal, ete 


Reported by M. C. Guthrie, Jr. 


OHIO VALLEY 


A joint meeting with the Instrument 
Society of America was held recently 
at the Herman Schneider Foundation 
Building in Cincinnati \ talk on 
“Petroleum Refinery Operation” was 
given by the guest speaker R. J. S. 
Pigott, director of engineering, Gulf 
Research and Development Corp. 


Reported by R. W. Evans 
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COLUMBIA VALLEY 
Approximately 70 members and | TA N DA 
guests greeted T. H. Chilton, President 
of A.L.Ch.E. at a dinner meeting held 
at the Desert Inn Hotel in Richland, ff 
April 5. He gave a talk titled, “Units 0 ers 


—Scientific and Technical.” In sub- 
stance Dr. Chilton upheld the engineer- +4 
ing system of units as against the ab- t ese exceptiona eatu res 
solute or gravitational system. He 
stressed the importance of keeping units 
consistent. During the dav R. 11. Beaton 
and W. K. Woods escorted Dr. Chilton 
through Hanford Works imstallations 
Reported by Henry A. White, Jr 


OKLAHOMA 
H. Chilton, President of ACh 


and technical director development 
engineering division, engmeering de 
partment of Du Pont Co., discussed 
“Units—Scientific and Technical” at the 
April Meeting. Dr. Chilton stressed the 
need for a “common accepted” system | 
of nomenclature for the various engi 
neering units used im chemical engi- 
neering work \pp ‘ mately 75 mem 
bers and guests were present 
Robert J Sheet president, Milton 
Roy Co., discussed “Automatic Control 
of Liquid Flow with Controlled Volume 
Pumps” at the March meeting. 
Reported by B. L. Bates 
and H. WW. Barber 


FELLOWSHIPS IN INDUS. 
RES. BY UNIV. OF DENVER 
Research Fellowships in chemical IHETHER you require 20 cfm or 15,000 cfm capacity blowers these 

engineering will be awarded by the In features are inherent in the unique design of the modern Stan- 

stitute of Industrial Research, Univer- dardaire positive displacement blower. Its epicycloidal rotor form 
acting as an air screw is unlike that used in the conventional lobe type 
unit—and Standardaire blowers have demonstrated their all-around 

The recipients will work approximately superior performance to the satisfaction of many leading industrial users. 

25 hr. per week in the Institute of 

Industrial Research while engaged in 

graduate study leading to the M.S. 

degree in chemical engineering. 


Send today for complete information. If you have specific requirements | 
our engineers will welcome the opportunity 
to work with you. Write Dept. E39 The 
Standard Stoker Company, Inc., 370 


LOCAL SECTION CALENDAR if ir Lexington Avenue, New York 17, N. Y. 
COASTAL GEORGIA CHEMICAL ENGI- } 
NEERS CLUB: May =X Do you have the 


18, Brunswick, 
Ga. Speaker, A. G. STANFORD, a, 
past president, National Society of 1951 STANDARDAIRE : 
Professional Engineers. Subject — 
“Registration for Chemical Engi- e | ectio n C h a rt ? 
neers.” 
NEW YORK SECTION: May 24, Brass 
Rail, 5th Ave. and 43rd St. Annual 
meeting; election of officers. June 
12, Brass Rail. Ladies’ night. Speaker, 
J. C€. BOUDREAU, Pratt institute. 
Subject—"Art and the Chemist.” 


SOUTHERN CALIFORNIA SECTION: 
June 19. Speaker, W. B. SHANLEY, | 
Universal Oil Products Co. Subject— 
“Platforming for the Production of 


Benzene.” | NEW YORK « CHICAGO « ERIE « YORK « MONTREAL 
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Hicu on the list of 
adsorbents, where they have been for 35 
years, you will find Floridin products. In 
the making of aviation gasoline, lubricating 
oils, synthetic rubber, and many chemicals, 
the most advanced and the most exacting 
processes are giving new proof of the effec- 
tiveness of these adsorbent products. 


If you have a problem of adsorption— 
dehydration — decolorization — catalysis, 
your inquiry will be given careful, com- 
petent attention. 


FLOREX FULLERS EARTH 


High-pressure extrusion insures maximum 
effectiveness, 


BAUXITE-BASED ADSORBENTS 
Write for full data. The advice of a com- 
petent technical staff is offered. 


LORIN COMPAYY 


Adsorbents...Desiccants ... Dildents 


Department O, 220 Liberty St., Warren, Pa. 
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DETROIT JUNIOR GROUP 


This Section held a meeting April 4 
1951, in the Junior Room of the Rack- 
ham Memorial. Leon S. Kowalczyk, 
assistant professor of chemical engi- 
neering at the University of Detroit, 
gave a talk entitled, “Education of 
Chemical Engineers in England.” The 
speaker was educated in Poland and 
taught chemical engineering in both 
Poland and England before going to the 
University of Detroit. 

In his discussion Dr. Kowalczyk com- 
pared the formal education of the chem- 


| ical engineer in England with that of 
| the chemical engineer in the United 
| States. He said that chemical engineers 


in England can have any one of the 


| three following backgrounds : 


1. Formai university education in chem- 
ical engineering 

2. College degree in a field other than 
chemical engineering and a year of 
postgraduate study in chemical engi- 
neering 
Practical experience and an examina- 
tion in chemical engineering funda- 
mentals 


Reported by W. W. Jones 


BATON ROUGE 


The third meeting of the year was 


| held March 22 at the Heidelberg Hotel 


with 43 members and guests in at- 
tendance. 

The guest speaker was Curry E. Ford 
of the National Carbon division, *Union 
Carbon and Carbide Corp. who dis- 
cussed “Recent Developments in Kar- 
bate Process Equipment.” In his talk 
he covered improvements in design and 
installation techniques for pipe and fit- 
tings, improved pump seal construction, 
standardization of heat-transfer equip- 
ment, and design and performance of 
equipment for hydrochloric acid service. 


Reported by J. C. Fedoruk 


MARYLAND 


This Section made an inspection trip 


| to the Sparrows Point plant of the 


Bethlehem Steel Co., April 11. The tour 
began with lunch at the plant and de- 
monstrated the entire steel-making proc- 


| ess from coke manufacture through 


blast-furnace smelting, purification, hot 
and cold rolling to finished tin plate for 
can manufacture. Approximately 40 
members and guests made the trip. 


Reported by Alan Beerbower 


CHICAGO 


Col. V. C. Searle, of the U. S. Army 
Chemical Procurement, formerly of 


| Gen. MacArthur’s staff, was scheduled 
| to talk about the rehabilitation of the 


Japanese chemical industry May 16. 
Reported by Thorpe Dresser 


| (More Local Section News on page 52) 
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AN ENGINEER LOOKS AT 
UNESCO 


(Continued from page 30) 


is given them toward solving their most 
urgent problems. 

Many peoples have had reason to dislike 
or suspect foreign developers of their re 
sources. Yet they welcome engineering 
surveys and other technical assistance 
. . « « And some nations have invited 


and welcomed surveys intended to guide | 


the investment of needed foreign capital. 
The more a proposed development is di- 


rectly and obviously connected with the | 


welfare of the people, and the better it is 
planned with social as well as economic 
understanding, the casier it is to enlist the 
local cooperation . . . . American engi- 


neers have had a part in many such foreign 


projects . 


7. A practical plan of collaboration be- | 


tween UNESCO and international engi- 
neering organizations was agreed upon at 


Paris, in March 1950, by the Engineers | 


Advisory Committee to UNESCO. . ‘ 

A constitution for a Union of Interna- 
tional Engineering Organizations was 
adopted, with these stated “principal ob- 
jects”: (1) to coordinate the activities of 
the member organizations; (2) to make 
mutual arrangements for material and 
moral support; (3) to further relations 
with UN and its specialized agencies; and 
(4) to encourage the foundation of new 
engineering organizations in fields not al- 
ready covered. 

Fifteen international engineering organi- 
zations were invited to send delegates to 
an organization meeting which was held in 
Paris in September... . . 

The Engineers Joint Council, repre- 
senting the five United States societies of 
Chemical, Civil, Electrical, Mechanical and 
Mining Engineers, are dealing with engi- 
neering organizations in other American 
countries to form a Pan-American Union 
of Engineering Societies a 

9. A conference on a plan related to the 
general subject, “How engineers Can Pro- 
mote International Understanding,” was 
held in New York in July between mem- 
bers of the Engineers Joint Council, other 
representatives of American engineering 
societies, and UNESCO representatives, 
including the head of the UNESCO Clear- 
ing House for Publications in Paris. It 
was agreed that the circulation abroad of 
the journals and the reports of transactions 
of American engineering societies is a defi- 
nite influence toward international under- 
standing . . . . Since UNESCO'S library 
bulletin has a world-wide circulation . . . . 
it was arranged that UNESCO will offer 
through this bulletin a list of these period- 
icals with subscription rates, and that sub- 
scriptions to any of them may be paid in 
UNESCO coupons. This plan. . . . has 
been submitted to the EJC and approved. 

10. The Engineers Joint Council's Inter- 
national Relations Committee has now set 
up a Commission on Technical Assistance 
for the following primary purposes: (1) 
to establish and maintain liaison with such 
1rganizations as the Economic and Social 
Council and other UN agencies concerned 
with technical assistance . . . . and (2) 
to give direction to any other activities 
that the Engineers Joint Council may de- 
cide to undertake in the field of technical 
assistance. . . . . In these ways the 
engineering profession in the United States 
is being brought into a more intimate and 
we believe more potentially effective rela- 
tionship with the whole program of tech- 
nical assistance. a 
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LIQUID METER 


is @ complete unit — self-contained and self-operated. The flow 
through main or auxiliary pipelines is the only power required to 
drive the accurate 6-digit totalizer. Propeloflo Meter does not 
need mercury, pressure piping, or electrical connections. The 
combination of Venturi design and efficient transmission insures 
accurate flow registration over a wide range of flow rates — as 
well as positive operation of cable-driven secondary instruments 
or chemical feeders. For engineering information and Bulletin 
380-G2, address Builders-Providence, Inc. (Division of Builders 
Foundry), 419 Harris Ave., Providence 1, R. |. 


BUILDERS mokes a complete line of flow seters and controllers for 
liquids, steom, air, gos, and dry moterials . . mechanical and difter- 
ential . . . including The Venturi Meter and Chiorinizers (chlorine gas 
feeders). 
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LOCAL SECTION NEWS (Continued from page 50) 


FOR EXACTING FUTURE MEETINGS AND SYMPOSIA OF A.I.Ch.E. 


TECHNICAL APPLICATIONS Chairman of the A.I.Ch.E. Program Committee 


Walter E. Lobo, The M. W. Kellogg Co., 225 Broadway, New York 7, N. Y 


VITREOSIL* (vitreous sil- 
Rochester, N. Y., Sheraton Hotel, Maintenance 


ica) tubing possesses Sept. 16-19. 1981. Chairman: D. E. Pierce, General 
Aniline & Film Corp., 230 Park 
many characteristics you Technical Program Chairman: D. E Ave.. New York, Y. 
Pierce, General Aniline & Film te 
seek. A few of its proper- Corp., 230 Park Ave., New York, fecting—Rechenter, N. ¥ 
A Industrial Applications of Photog- 


N. 
ties are: Chemical and raphy 


catalytic inertness. Use- Annual — Atlantic City, N. J. Chairman: Carl Gath, Eastman Ko- 
° Chalfonte-Haddon Hall Hotel, dak . Co., Kodak Park Works, 
fulness up to 1000°C and Dec. 2-5, 1951. Rochester, N. Y. ae 

under extreme thermal Technical Program Chairman: Meeting—Rochester, N. Y. 
‘ Frank J. Smith, Pan American Round Table Discussion of 
shock. Homogeneity and Petroleum & Transport Co., 122 Chemical Engineering Educa- 

. East 42nd St., New York 17, N. Y. tion 
freedom from metallic Chairman: W. E. Gift, Tennessee 


impurities. Unusual elec- Atlanta, Ga., Feb. 17-20, 1952. Eastman Corp., Kingsport, Tenn 


Technical Program Chairman: H. E Meeting—Rochester, N. Y 


trical Cost O'Connell Corp. Box 341, Opportunities in Sales for Chemi- 

(in transmission quality). Chem. Co., 75 Rust Bldg, 1001 
: 15th St. N.W., Washington 5, D.C. 

VITREOSIL tubing avail- Technical Program Chairman: W. Meeting— Atlantic City, N. J 


able promptly from W. Kraft, The Lummus Co., 385 


Madison Avenue, New York, Chemical Engineering Funda- 
N. Y 


mentals 


stock in four qualities. oe Chairman: W. C. Edmister, Chem 

Chicago, Palmer House, Sept Inst. of 
4-6, 1952. ech., Pittsburgh 13, Pa. 

TRANSPARENT Technical Chairmen Meeting—Atlantic City, N. J. 
CCANICE o¢ 

SAND SURFACE George C. Lamb, Chem. Eng. Effective Speaking 

GLAZED Dept., Northwestern University, Chairman: L. P. Scoville, Jefferson 


Evanston, Ill Chem. Co., Fifth Ave., New 
York 22, N 
SATIN SURFACE Annual — Cleveland, Ohio, Hotel Meeting eee City, N. J 
Cleveland and Carter Hotel, Dec. 
7-10, 1952. Vacuum Engineering 
Chairman: W. W. Kraft, The 
Technical Program Chairman: R. L. Lummus Co., 385 Madison Ave-" 
Savage, Dept. Chem. Eng.. Case nue, New York, N. 
Inst. of Tech., Cleveland 6, Ohio. Meeting—French Lick, Ind. 


Authors wishing to present papers at a scheduled meeting of the A.I.Ch.E. 
should first query the Chairman of the A.1.Ch.E. Program Committee, Walter 
Can be had in all E. Lobo, with a carbon copy of the letter to the Technical Program Chair- 
man of the meeting at which the — wishes to present the paper. Another 
normal lengths. carbon should go to the Editor, F. J. Van Antwerpen, 120 East 4lst Street, 
New York 17, N. Y. If the voy is suitable for a symposium, a carbon of the 
Send for Bulle- __— letter should go to the Chairman of the Symposia, instead of the Chairman of 
tin No. 9 # the Technical Programa, since symposia are not scheduled for_any meeting until 
oa or SS they are complete and approved by the national Program Committee. Before 
specifications = authors begin their manuscripts they should obtain from the meeting Chairman 
and prices. ee a copy of the Guide to Authors, and a copy of the Guide to Speakers. The 
“q first book covers the preparation of manuscripts, and the second covers the 

proper presentation of papers at A.I.Ch.E. meetings. Presentations of papers 
are judged at every meeting and an award is made to the speaker who delivers 
his paper in the best manner. Winners are announced in Chemical Engineering 
Progress, and a scroll is presented to the winning author at a meeting of his 
local section. Since five copies of the manuscript must be prepared, one should 
be sent to the Chairman of the symposium and one to the Technical Program 
Chairman of the meeting, or two to the Technical Program Chairman if no 
symposium is involved and the other three copies should be sent to the Editor’s 
office. Manuscripts not received 70 days before a meeting cannot be considered. 


EL DORADO assistant technical director of Pan-Am 
Southern’s El Dorado refinery. 

“Fluid Catalytic Cracking” was the Following a brief history of fluid 

subject of a talk presented before 46 catalytic cracking, Mr. Byrne, with the 

THE THERMAL SYNDICATE, LTD. members and guests at the March 22 aid of slides, discussed the major 

12 East 46th Street meeting of this Section, which was held process variables that determine crack- 


New York 17, New York at the Garrett Hotel, El Dorado, Ark. ing severity and yield structure. 
- The guest speaker was T. J. Byrne, Reported by R. L. Alexander 
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PEOPLE 


Henry Howard, Past President of 
the American Institute of Chemical | 
Engineers and an 

industrial chemist | 

for many years, 

was awarded the 

1951 Perkin Medal 


Right) Structural details low- 
at the dinner mecet- ) 


rence Vertical Chemical Pump. 
ing of the Amer- (Below) Vertical Chemical Pump 
ican section of the mounted inside of tank. 
Society of Chem- 
ical Industry, 
which sponsors the 
award, held in the 
Astor Gallery Suite of the Hotel Wal- 
dorf-Astoria, New York, April 27, 1951. 
Long prominent in the chemical indus- 
try, Mr. Howard has been chairman of 
the executive committee of the Manu- 
facturing Chemists’ Association, and 
has been affiliated with Monsanto and 
Du Pont companies. Francis J. Curtis, 
1949 President of A.I.Ch.E., delivered 
an address titled, “The Medalist and His 
Accomplishments.” Mention of his be- 
ing the recipient of this award was 
made in C.E.P., January, 1951, page 48. 


Arno Cc. Fieldner, associated with 
the Bureau of Mines for more than 40 
years, an inventor 
and developer of 
techniques for test- 
ing and analyzing 
coal, coke and gas, 
has been named 
chief fuels techol- 
ogist. For many 
years Dr. Fieldner 
has been chief of “Wasa i VERTICAL CHEMICAL PUMPS 
the Bureau’s fuels 
and explosives di- 
vision. Joining the technologic branch Difficult chemical pumping problems—handling hot concentrated 
of the Geological Survey in 1907 and acids, corrosive alkalies, molten salts, molten sulphur, volatile semi- 
moving to the Bureau of Mines when : ‘ 
it was created in 1910 he became a fuids, et.—have been o LAWRENCE specialty for over 80 years. 
member and subsequently was in charge To meet the demands of this rigorous service, LAWRENCE Vertical 
of the parena's fuel chemistry labora- Chemical Pumps are made of metals or alloys carefully chosen to 

tory. In 191 d he was made supervising give the best protection against the corrosive dnd abrasive action 
chemist and later superintendent of the 
Bureau's Central Experiment Station at of the liquid pumped, as well as structural strength and long wear. 
Pittsburgh. He has guided the Bureau's Other design features (depending on the circumstances) include 
research amd experimentation in the liquid seals for high vacuum, the elimination of packing, mounting 
production of synthetic liquid fuels. In 
1936 he became chief of the technologic bearings above the level of the liquid pumped to prevent contact, 
branch directing work in mining, and many more refinements that contribute vitally to efficient, 


metallurgy, and fuels and explosives. In trouble-free operation. 
1942 when the fuels and explosives 


service was created Dr. Fieldner became If you have a particularly difficult chemical 
its chief. pumping problem, write us the pertinent details. 


Alfred L. Fuller, formerly chemical 


engineer with the Anaheim (Calif.) L A € 


alkyd plant of the General Electric Co. 


is now research engineer with the Fluor 4 MACHINE & PUMP CORPORATION 
Corp., Ltd., Los Angeles, Calif 375 MARKET STREET, LAWRENCE, MASS. 
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PURE 
WATER 


AT LOWEST COST 


WITH 


BARNSTEAD 
DEMINERALIZERS 


FOR 

@ Mirror Silvering @ Mfg. of Coated 
@ Anodizing Paper 
@ Boiler Feedwater @ Ceramics 
@ Plating @ Optical Mfg. 
@ Cosmetics @ Rectifying Liquor 
@ Television Tubes @ Coating Solutions 
@ Battery Aircraft Research 

Maintenance @ Washing Ampules 
@ Electroplating @ Laboratories 
@ Ore Floatation @ Pharmaceuticals 


In countless processes better results are 
obtained, when pure water — free from 
harmful minerals is used. In fact, hun- 
dreds of manufacturers have already 
found that they save money, have fewer 
rejects and get a better product with 
Barnstead Demineralized Water. The cost 
is extremely low — as little as 5c per 
1000 gallons. Operation is very simple. 
And with a Barnstead Demineralizer, you 
get the benefit of more than 75 years 
of specialized experience in water puri- 
fication. Write for Catalog #123. 


THESE FIRMS — AND MANY OTHERS — 
ARE NOW USING BARNSTEAD DEMINERALIZERS 


Air Reduction Sales Co. — American 
Mirror Works — Haloid Corp , 
McCullough Company — Tung-S 

Works Remington-Rand — R.C_A, — 
National Bureau of Standards — Wyeth, 
Inc. — General Electric Co. — Polaroid 
Co. — Hercules Powder Co. — Standard 
Oil Development — International Har- 
vester Co. — Koppers Co. — Behr- 
Manning Co. — Ford Motor Company 
— University of California — Marquardt 
Aircraft — Sarkes-Tarzian Co. — Dewey 
& Almy — Monsanto Chemical Co. 


PROMPT DELIVERIES ON MOST MODELS 


Models from 5 to 1000 goelions per hour 


STULL & STERILIZER CO. 


82 Lanesville Terrace, Boston 31, Mass. 


Douglas A. Rogers has been ap- 

pointed chemical engineer in the newly 

formed process 

equipment division 

of the Rodney 

Hunt Machine Co., 

Orange, Mass. 

This appointment 

is in line with the 

company’s an- 

nouncement of a 

new line of evapo- 

rators known as 

the Turba- Film 

evaporators; the manufacture and 

sales of these evaporators and related 

products for the food, chemical and 

pharmaceutical fields will be carried on 

through this new division. Mr. Rogers, 

who graduated from the University of 

Washington, was formerly supervisor 
of research for Lever Brothers. 


John N. Mees is now in the capacity 
of sales engineer with the Safety Car 
Heating & Lighting Co., Inc. Formerly 
he was sales engineer with Dustex 


Corp., Buffalo, N. Y. 


Stewart A. McHie, Jr., is now as- 
sistant superintendent of the National 
Refining Co. Previously he was shift 
superintendent of the Ashland Oil & 
Refining Co., Ashland, Ky. 


Gordon Kiddoo has been appointed 

assistant director of the petrochemical 

research depart- 

ment of the Na- 

tional Research 

Corp., Cambridge, 

Mass. He will be 

in charge of the 

engineering eco- 

nomic aspects of 

the petrochemical 

research program 

which National Re- 

search is undertak- 

ing jointly with Electric Bond and 

Share Co. and United Gas Corp. Mr. 

Kiddoo received his degree in chemical 

engineering from Cornell University. 

Subsequently he was employed by Chi- 

cago Corp., near Bishop, Tex., and later 

was employed in the Olean (N.Y.) 

laboratories of Hydrocarbon Research, 

Inc. Prior to becoming director of re- 

search and development for Continental 

Carbon Co., Amarillo, Tex., late in 1949, 

he was associated with The Texas Co. 
in research and development work. 


Ricardo Millares has been appointed 
technical director of Maiz Industrial- 
izadd, S.A. Mexico, D.F. Dr. Millares 
had been working with the Instituto 
Mexicano de Investigaciones Tecnolég- 
icas as a food technologist. 


Large Processor Achieves 


The positive action of Nicholson traps 
was recently used successfully by a 
chemical maker to smooth out the heat- 
ing cycles of cookers at 50 to 60 min- 
utes, against previous periods up to 105 
minutes. Steam flow was upped to 3000 
Ibs. an hour against 2000 

for the previous mechan- 

ical type. 


5 TYPES FOR EVERY 
APPLICATION, process, 
heat, power. Sizes '/4" to 
2"; pressures to 225 Ibs. 
To learn why an increas- 
ing number of leading 
plants are standardizing 
on Nicholson thermostatic 
... 


MORE UNIFORM 
HEATING CYCLES 


with Nicholson Steam Traps 


Send for BULLETIN 450 or See Sweet's 


W. H. NICHOLSON & CO., 214 Oregon St., Wilkes-Barre, Pa. 
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JEFFERSON CHEMICAL CO. ELECTS VICE-PRESIDENTS 


Max Neuhaus L. P. Scoville 


W. H. Bowman, Max Neuhaus, and L. P. Scoville have been elected vice-presi- 
dents of Jefferson Chemical Co., Inc., New York, N. Y. 

Dr. Neuhaus and Mr. Scoville have been on Jefferson's staff since the company 
was organized. Dr. Neuhaus, who went to Jefferson as manager of its technical and 
research department, had previously been with the Texas Co. and Texaco Develop- 
rr: ws since 1932. He is currently serving on the Admissions Committee of 

-L.Ch.E. 

Mr. Scoville went to Jefferson in 1944 as chief engineer and was subsequently 
promoted to manager of the production department. Prior to his service with 

efferson, he was senior engineer for the Texas Co., which he served for 12 years. 

e is chairman of the commercial division of the Program Committee of A.I.Ch.E., 
and chairman of the New York Section of the Institute. ; 

Dr. Bowman became Jefferson’s market development manager in 1945, and when 
the company’s sales department was organized, he was named manager of that 
department. He has been on the faculty of New York University, University of 
Toronto, and Case Institute of Technology. He has been affiliated also with 
Shawinigan Chemicals, Ltd, Armstrong Cork Co., and Westvaco Chlorine 


Products Corp. 


CHANGES AT MONSANTO 
SPRINGFIELD PLANT 


Men involved in a realignment of 
positions recently announced by the 
Monsanto Chemical Co., at Springfield 
Mass., are as follows: 

Allan W. Low has been appointed 
division engineer of the plastics division 
at Springfield. In his new capacity he 
succeeds C. O. Hoyer, who has accepted 
the position of chief engineer with The 
Chemstrand Corp., a jointly owned sub- 
sidiary of Monsanto and American 
Viscose Corp. Simultaneously the pro- 
motions of C. D. Smith and F. E. Reese 
to assistant division engineers and of 
A. W. Andrews to chief project engi- 
neer were announced. 

Mr. Low has been affiliated with 
Monsanto since 1948. Prior to that 
time he was employed by the general 
chemical division of Allied Chemical 
and Dye Corp. He attended the Univer- 
sity of New Hampshire where he re- 
ceived a B.S. degree in 1936. 

Mr. Smith will be responsible for the 
activities of the project and design 
group of divisional engineering. He has 
been with Monsanto since 1939 and has 
served in the research, production and 
engineering departments of the plastics 
division. Mr. Smith attended Purdue 
University, where he received a B.S. 
degree in 1937 and an M.S. in 1939, 

Mr. Reese, who will be responsible 
for the development and planning 
groups of division engineering, joined 
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Monsanto in 1941, shortly after gradua- 
tion from Purdue University with a 
B.S. degree. He has worked in both 
the research and engineering depart- 
ments of the division 

Mr. Andrews will have responsibility 
for the project group of the division's 
engineering department. With Mon- 
santo since 1940 he was employed by 
the company’s Texas division prior to 
joining the plastics division. Mr. 
Andrews attended Yale University 
where he received a B.S: degree 


M. W. Plunkett is now nitrocellulose 
superintendent at the Hercules Powder 
Co., Radford Arsenal, Radford, Va. He 
was formerly at the company's Parlin 


(N.J.) plant. 


Robert W. Ritzmann recently ac- 
cepted a position as process engineer 
with the Koppers Co., chemical division, 
at its Kobuta plant, Monaca, Pa. He 
was formerly employed as a chemical 
engineer by the Standard Oil Co. ( Ind.) 


Max A. Turner is now a chemical 
engineer at the chemical power branch 
of the underwater ordnance, Depart- 
ment U. S. Naval Ordnance Test Sta- 
tion, Pasadena® Calif. 


David J. Jay, now an instructor in 
the chemical engineering department, 
University of Detroit, Detroit, Mich., 
was formerly an engineer with Jay- 
Mark Products Co., Detroit. 
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handle exacting 
processing jobs! 


for: 

the synthesizing, polymerization, 
heating and cooling of synthetic 
resins, plastics, adhesives, var- 
nish, ete., and in oil bodying, re- 
fining, processing and distillation. 


The PATTERSON 
FOUNDRY AND MACHINE CO. 
test Liverpest, Ohio, 


The Patterson & 
Utd) 
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PACIFIC 


CORROSION RESISTANT % 


VALVES 


150 LB. SERIES 
GATE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 
Ser'd. Ends: to 3” 
Manufactured to M.S.S. 
St'ds. Also Available 
with A.S.A, Flanges. 


150 LB. SERIES 
GATE VALVE 
Inside Screw, Screwed 
Bonnet, Solid Wedge 
Scr'd. Ends: to 2” 


Manufactured to 
M.S.S. St'ds. 


600 LB. SERIES 
GATE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: to 2” 
Scr'd. Ends: t0 2” 
Manufactured to 
A.S.A. and A.P.1, St'ds. 


150 LB, SERIES 
GLOBE VALVE 
O. S. & Y.-Bolted Bonnet 
Fig'd. Ends: '/,” to 4” 
Ser'd. Ends: to 
Manufactured to 
M.S.S. St'ds. 


150 LB. SERIES 
SWING CHECK 
Bolted Bonnet 
Fig'd. Ends: to 4” 
Ser'd. Ends: to I'/,” 
Manufactured to 
M.S.S. St'ds. 


3201 WALNUT AVE., LONG BEACH 7, CALIFORNIA 

TELEPHONES: - 40-5451; Los Angeles - NEvada 6-2325 

TELETYPES: 1.8. - 8-8076; New York City - 1-1077 
Houston, Texas - HO 489 
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Albert Victor Bleininger Award of 1950, the highest 


honor conferred 


in the field of ceramics, being presented to John C. Hostetter at the Hotel 


Schenley, Pittsburgh, 
a.. March 16. Left to 
right: R. E. Birch. chair- 
man, Bleininger Award 
Committee; J. Hos- 
tetter, medalist; H. R. 
Lillie, president-elect, 
American Ceramic So- 
ciety, and F. P. Shonk- 
wiler, chairman, Pitts- 
burgh Section of the 
Society. Dr. Hostetter, 
recently retired, was 
president of the Missis- 
sippi Glass Co. 


Victor E. Wellman has been named 
director of process engineering depart- 
ment according to an announcement by 
S. C. Moody, general manager, Calco 
chemical division, and vice-president of 
American Cyanamid Co. In his new 
capacity, Wellman will direct 
development and chemical engineering 
activities been to 
form the process engineering depart- 


pre cess 


which have merged 
ment. 

Dr. Wellman obtained his A.B. from 
Phillips University, Enid, Okla., in 1924, 
and his M.S. (1927) and Ph.D. (1929) 
from the University of Washington. 

He was associated with B. F. Good- 
rich Co. for 15 years as director of 
purchases, chemicals division, and later 
with R. W. Greeff Co. as assistant sales 
manager, solvents department. In 
1945, he joined Calco and since 1949 
has been associate director of process 
development. 


Alden R. Loosli, assistant manager, 
intermediate and rubber chemicals de- 
partment, American Cyanamid Co., 
Caleo chemical division, is attending 
the Advanced Management Program of 
the Harvard Graduate School of Busi- 
ness Administration. The program, 
now in its twentieth session, is an in- 
tensive three months’ course of study 
for business executives. 


Arthur G. Kracker has been ap- 
pointed a development engineer of the 
Buffalo Electrochemical Co., Buffalo, 
N. Y. He was formerly a development 
engineer in the Central Electrotype Co., 
Cleveland, Ohio. 


Morrison W. Brinker is now serv- 
ing as purchasing engineer with the 
Stearns-Roger Manufacturing Co., Den- 
Formerly he was engineer at 
Denver, Col. 


ver, Col. 
the Gates Rubber Co., 


Frederick A. Richter 1s now serving 
the Blaw-Knox Co., Pittsburgh, Pa. He 
is in the chemical plants division as a 
chemical He was formerly 
with Lederle laboratories division of the 
American Cyanamid Co., in Pearl River, 


engineer. 
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Sanjeev Ananda Rao, formerly re- 
finery engineer with the Ohio Oil Co., 
Robinson, Ill, is now process engineer 
with The Assam Oil Co., Digboi, Upper 
Assam, India. 


Walter F. Ratcliff is a chemical 
engineer with the Lago Oil & Transport 
Co., in Aruba, Netherlands West Indies. 
He was previously a chemical engineer 
at the laboratories Standard Oil 
Co. of New Jersey. 


Herbert A. Rainbird is now junior 
process engineer with the Magnolia 
Petroleum Co., Beaumont, Tex. He 
previously was engineering aide to the 
Socony Vacuum Oil Co., New York, 


N. Y. 


Esso 


HIGH VACUUM PUMPS 
REQUIRE CLEAN OIL 


VACUUM PUMP USERS 


INSTALL HILCO 


OIL RECLAIMER SYSTEMS 
TO KEEP LUBRICATING 
AND SEALING OILS FREE 
_ OF SOLIDS, 

.. GUMS 

WATER 
ano GASES 


tae HILCO 
OL RECLAIMER 
is COMPLETELY 
AUTOMATIC 
FOR BETTER VACUUM AND REDUCED 
VACUUM PUMP MAINTENANCE 
COSTS INVESTIGATE THE 


HILCO OIL RECLAIMER 


+ WRITE FOR FREE LITERATURE 

A RECOMMENDATION WILL 
BE MADE .. NO OBLIGATION 
ON YOUR PART. 


THE HILLIARD CORP. - 
144.W. 4th ST, ELMIRA, N.Y. 


IN CANADA — UPTON -BRADEEN JAMES LTD 
990 BAY TORONTO-3464 PARK AVE MONTREAL 
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Robert E. Workman was recently | 
named manager of the newly established 
district office of the 
Goodyear Tire & 
Rubber Co. at St. 
Louis. Prior to 
this, Mr. Workman 
had been serving 
accounts in the St. 
Louis area as a 
field representative. 
He started service 
with Goodyear in 
1942, following his 
graduation from Case School of Applied 
Science, Cleveland. After extensive 
service in the company’s research labor- 
atory, he was assigned to the chemical 
division, and was sent to St. Louis as a 
field representative in 1948. 


Virtually all kinds of reducible materials are 
being ground, granulated, cracked, shredded, 
fluffed, or comminuted in Bauer double-revolving- 
dise attrition mills. The materials include chemi- 
cals, grain, wood, seeds, feathers, metals, and 
many others. 

In numerous cases, our engineers have worked 
out the practical techniques for special processing 


FREEMAN. CONSULTANT operations. An essential part of our service is 
. aking test runs with commercial sized mills in 
COAL CARBONIZATION eu 


our research laboratories. 

John V. Freeman, who recently re- | # If you have a unique processing problem, we'll 
tired as director of the coal chemical | ty to solve it for you. Perhaps we can cite an 
sales division, U. S. Steel Co. after 43 existing operation similar to yours in which Bauer 
Attrition Mills are giving most satisfactory results. 

General information on the subject is con- 
tained in our Bulletin A-5, Ask for a copy. 


years association in the iron and steel 
industry, established an office, Suite 3459, 
at 45 Rockefeller Plaza, New York 20, 


N. Y., effective April 16, 1951. There | © 1794 Sheridan Ave 
he will maintain a consultant organiza- | & THE BAUER BROS. co. os Springfield. Ohio 


tablished 1878 


tion devoted to the technological phases 


of carbonization of coal and coal chem- |— 


icals. Mr. Freeman's entire career has “PACKAGED” DRY GRINDING SYSTEM | 


been devoted to specialization in the 
chemistry of coal and coal carbonization 

His early experience as chief chemist 
ot the Central Coal Research Laboratory 
ot the Illinois Steel Co. saw him active 
with the construction of the first modern 
by-product coke ovens in America at 
Joliet, Ill., in 1908. During World War 
II Mr. Freeman was a member of the 
Coal Tar and Nitrogen Advisory Com- 
mittee. 


George J. Haddad, fellow at Mellon | 
Institute, Pittsburgh, Pa., was recently 
appointed senior fellow of the multiple | 
fellowship on nitrogen compounds sus- | 
tained by the U. S. Steel Co. Mr. Had- | 
dad holds an M.S. degree in chemical 
engineering from the University of 
Pittsburgh and is a registered profes- 
sional engineer in Pennsylvania. Before | Make power connections only and the Hardinge Dry Grinding Unit is ready 
joining the U. S. Steel Co.’s fellowship to pertorm. Self-contained and portable. 8’ high. Complete with Constant 
in 1946 he worked on the synthetic rub- Weight Feeder, Conical Mill, Loop Classifier, dust collector, product 
ber program sponsored by the U. S. collector, and “Electric Ear” grinding control. Similar model for wet 
Government at Mellon Institute. grinding. Bulletin AH-373-40. 


T. L. Gore is now with the Stan- | 

dard Oil Co. (Ind.) located - Sugar H A R D I N G E 

Creek, Mo. He is serving in the capacity | > P 

of chemical engineer, technical service c OMPANY . INCORPORATED 

group. Previously he was a graduate 

presse at — University of Kansas, YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 

awrence, Kan. NEW YORK 17 @ SAN FRANCISCO Il e CHICAGO 6 @ HIBBING. MINN. e TORONTO 1 
(More About People on page 59) 122 E. 42nd St. 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 
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What have you ‘4 
pl a rooD 
ot EQUIPMENT 
= DOUBLE ond SINGLE 
CRUSHERS, CRUSHER. 
matic, Gravity, ond 
Roasters, Gronulators, 
Texturizers 
‘ 
13 


Save Time, Tabor, Dollars! 
TEST STUDY > CONTROL 


VISCOSITY 


As Simply, Quickly and Easily 
25 Taking Temperature Readings 


Just a flick of a switch, then read the 
Brookfield dial, and you have your vis- 
cosity determination in centipoises. The 
whole operation, including cleaning up, 
takes only a minute or two. 

Available in a variety of models suit- 
able for extremely accurate work with 
both Newtonian and non-Newtonian 


CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Prog are payable in 
advance, and are placed at I5c a word, with a minimum of four lines accepted. Box number 
counts as two words. Advertisements average about six words a line. Members of the 
American Institute of Chemics! Engineers in good standing are allowed one six-line insertion 
free of charge per year. More than one insertion to members will be made at half rates. In 
using the Classified Section of Chemical Engineering Progress it is agreed by prospective 
employers and employees that all communications will be acknowledged, and the service is 
made available on that condition. Boxed advertisements one-inch deep are available at $15 
an insertion. Size of type may be specified by advertiser. In answering advertisements all 
box numbers should be addressed care of Chemical Engineering Progress, Classified Section, 
120 East 4Ist Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this 
section should be in the editorial offices the 20th of the month preceding the issue in which 
it is to appear. 


materials, Brookfield Viscometers are 
portable and plug in any A. C. outlet — 
can be used in Lab, Plant or both. 

Write today for fully illustrated cata- 
log showing Brookfield Viscometers 
adaptable to any viscosity problem from 
less than one to 32,000,000 centipoises. 


SITUATIONS OPEN 


Wanted—Chemical gi s and chemist 


for production and pilot plant. Reply to 
Kentucky Synthetic Rubber Corp., P. O. 
Box 360, Louisville, Ky., stating education, 
experience, salary requirements. 


CHEMICAL ENGINEER 


Large Western New York synthetic 
organic chemical plant, noted for its 
high-quality manufacturing standards, 
has attractive permanent position for 


chemical engineer with 2 to 3 years’ 
wo) industrial experience on plant engi- 
| neering projects. Liberal starting sal- 


ary, with periodic review o - 
PROJECT ENGINEERING — Chemical ance for increases. 
and mechanical engineers with one to working conditions, cafeteria, pension 
five years’ experience in project engi- plan, plus group life sickness d 
two motors, produce an annular neering for permanent addition to En- accident insurance. Reply i ah 
flow and up to 48,000 scissor- gineering Division Staff. Indiana loca- dence to Supestanendont ae Pe — 1 
like cuts/minute. Enable excep- ’ tion. Housing not critical. Give de- Relations, Box 1-5 be pecannnwin 
tionally fast, effective and ‘ tails of training and experience. Com- ‘ : 
efficient laboratory mixing. Not mercial Solvents Corporation, Terre 
a “stirrer.” Write for Brookfield Haute, Indiana, Attention: Odon 5S 
MIXER brochure. Knight. 


MERCOID 


OLVES INDUSTRY'S AUTOMAT NTROL PROBLEM 


THE ONLY 100% MERCURY 
SWITCH EQUIPPED CONTROLS 


The distinguishing feature of Mercoid Controls 
is the exclusive use of Mercoid hermetically 
seoled mercury switches. These switches are 
not subject to dust, dirt or corrosion, thereby 
better performance and longer control 
ive 


BrookrieLp Counter-Rorar- 
inc Mixex — Two concentric, 
oppositely rotating shafts, pro- 
peller equipped and driven by 


SALES ENGINEERS 


Leading manufacturer with over a 
half century of experience has attrac- 
tive opportunities for experienced, 
energetic personable engineers as 
trainees for sales of expanding line 
of chemical resistant materials and 
related plastic products. Please give 
full details including draft status in 
first reply to Personnel Manager, Atlas 
Mineral Products Company, Mertz- 
town, Pa 


SALES DEVELOPMENT—Synthetic Enamels 
—Opening for man with synthetic enamel 
experience interested in sales development 
and technical service position in industrial 
finishes department. Supply complete quali- 
fications if interested. Monsanto Chemical 
Company, Merrimac Division, Everett Sta- 
tion, Boston, Massachusetts 


UNUSUAL OPPORTUNITY — for Chemists 
and Engineers. Rapidly growing research 
and consulting firm has several openings 
for chemists, chemical engineers in organic 
and physical chemistry and in combustion 
research Varied and challenging work. 
Excellent opportunity for advancement and 
for participation in ownership of company 
Atlantic Research Corporation, Alexandria, 
Virginia. 


SITUATIONS WANTED 
A.1.Ch.E. Members 


CHEMICAL ENGINEERS Sales Engineer —-B.S.Ch.E. 1936, married, 


family. Fifteen years rocess-sales expe- 
rience; aggressive, good industrial follow- 
ing Wisconsin area. Desire to represent 
progressive chemical or equipment manu- 
facturer. Box 2-5 


Project Engineer — experience in 
1 = design, plant ar- Chemical Seven 
t and operations. years’ experience of iversi experience 
a research, development, plant operation and 
maintenance. Seek refinery operations or 
chemical plant work. Location desired— 
Eastern U. S. Box 3-5. 


Positions available with expanding 
chemical engineering department of 
progressive company for: 


eee 


2 Chemical Engineer—experience in 
chemical process work and cost 
estimating 


Process Engineering Position Desired — 
B.Ch.E.. M.Ch.E. (all requirements com- 
pleted except thesis), N.Y.P.E. license. Ten 
years’ experience heat transfer, evapora- 
tion, ejectors, laboratory research, pilot 
plant operation. Box 4-5. 


3 Chemical Engineer—experience in 
production packaging and pack- 
aging development procedures. 


The above positions offer permanent 
employment for engineers interested 
in diversified and challenging work. 
Please mail complete resumes and 
salary requirements to: 


Executive Chemical Engineer——B.S., age 40, 
family Registered professional engineer 
by examination. Experienced in design, en- 

ineering, construction, operation, an 

Manager, Conagnnent of chemical plants. Desire 

Chemical Engineering Department heavy administrative responsibilities in 

). T. Baker Chemical Co chemical industry. Box 5-5. 


Phillipsburg, N. J. 


Fleat Operated 


if you have @ contro! problem involving the automatic 
1 pressure. temperature, liquid level, mechan- 
t etc., it will pay you to consult 
Mercoid's engineering statt—always at your service 


Complete Merco:d Catalog sent upon request. 


HE MERCOIS CO ATION, 47 WE C 


(Continued on page 59) 


May, 1951 


Chemical Engineering Progress 


if 
la 
y 
| 
4 
| 
- 
\4 
is 
ate 
\\ . 
Explosion Proof Uquid Level . 
= 


LEFAX x x x 


@ POCKET SIZE TECHNICAL 
DATA BOOKS EACH 


Printed on loose leaf, six hole, 6%" x 
3%” bond paper, each book contains 
about 140 pages of technical data, pre- 
senting condensed, accurate and essen- 
tial data for the student, engineer, tech- 
nical worker and business man. 


Hydraulics 
Surveying 
Mech. Drawing 
Machine Design 
Machinists’ Data 
Piping Data 
Surveying Tables 
Trig-Log Tables 
Metallurgy 
Analytic 
Chemistry 
Highway 
Engineering 
Mechanics of 
Materials 
Power Trans. 
Mach'y. 


Radio odynami 
Television & FM and 


Electricity, AC Charts 
Electricity, DC Phys. and 
AC Motors and Thormedy- 
namic Data 
Page. and Org. 
hemistry 


Architecture 
Home 
Iumin 
Electrician's Data 
Builder's Data 
Lumber Data 
Air Conditioning 
General Math. 
Math. Tables 
Physics 
Chemical Tables 


Metals 

Gen’l. Chemistry 

Reinforced 
Concrete 

Building 
Construction 


Generators 
Transformers, 
Relays, Meters 
Write for FREE Catalogs (over 2000 list- 
ings). See for yourself how helpful LEFAX 
can be to you. Send $1 for each book, or 
$5 for any six books listed above. to: 


LEFAX Dept.CP7 Philadelphia 7, Pa. 


CLASSIFIED SECTION 
(Continued ) 


Chemical Engineer—BS. Eleven years’ di- 
versified experience in development, process 
improvement, process design, and produc- 
tion. Proven leadership ability. Desire re- 
sponsible position in development or pro- 
duction. Currently employed in Chicago 
area. Box 6-5 


Chemical 


Engineer —B.ChE. 1949. Expe- 
rience in process and plant design engineer- 
ing of synthetic organics and pharma- 
ceuticals. Desire position of responsibility 
as Project Engineer or equivalent. Location 
immaterial. Presently employed. Box 7-5. 


Chemical Engincer—S.M. M.LT.. 1948; 27. 


Chemical Engineer 


| tant to W. 


PLATE FABRICATION 


CHROME IRON ALLOYS 
CARBON STEEL 
CHROME NICKEL 

SILICON BRONZES 

MONEL e ALUMINUM 

NICKEL CLAD STEEL e ETC. 


Towers, Pressure Vessels and Gen- 
eral Plate Fabrication manufac- 
tured with trained personnel and 
up-to-date equipment. Our Engi- 
neers will assist in designing to 
meet your requirements. 

Good Design — Right Material — 
Expert Workmanship at a Fair Price. 


HEAT EXCHANGERS A SPECIALTY 
Fabricators and Designers for More 
Than 30 Years 


Use our valuable as 
handy — 
analysis 1950. Code 
lor Unfired Pressure Vessels. 


DOWNINGTOWN IRON WORKS, INC. 
DOWNINGTOWN, PA. 


STEEL & ALLOY PLATE FABRICATION 
HEAT EXCHANGERS 


| plant group leader. 


married, Tau Beta Pi, Sigma Xi, publica- 
tions. Located in the Philippines. Three 
years management and production work. 
Highest recommendations. Spanish citizen, 
good knowledge of Spanish and Filipino 
life and handling lecal labor. Desire pro- 
duction work with American concern in 
the Philippines, Spain or South America. 
Box 8-5 


M.S., age 40. Top flight, 
successful experience in project engineer- 
ing, process desigr, research and develop- 
ment. Broad interests. Box 9-5 


Part Time; ber chemi 
cal engineer, Ph.D., P.E. Eleven years in- 
dustrial and teaching Member of New 
York College Faculty. Box 10-5 


PEOPLE 


(Continued from page 57) 


William R. Seuren, formerly 

J. Carthaus, vice-president in 
charge of Deep Rock Oil Corp.'s manu- 
facturing and research division, has 
been named supervisor of lubricating 

| oil finishing at the company’s Cushing 
(Okla.) refinery. Mr. Seuren went to 
Deep Rock in 1949 and after receiving 
his Master’s degree in business admin- 
istration from Harvard University. He 
obtained his B.S. degree in chemical 

| engineering from Pennsylvania State 
College and his M.S. in chemical engi- 
neering from Massachusetts Institute of 
Technology. Before going to Harvard 
in 1947, Mr. Seuren worked as process 

| engineer with Foster Wheeler Corp., 
E. B. Badger & Sons, and Stanolind Oil 
& Gas Co. 


assis- 


Lowell L. Fellinger has been ap 
pointed coordinator of technical per- 
| sonnel procurement for Monsanto 
| Chemical Co.’s organic chemicals divi 
sion. Robert E. Howard will succeed 
Dr. Fellinger as assistant director of 

| research in charge of the pilot plant 
| and interim production facilities. Dr. 
Fellinger will continue as assistant di- 

| rector of the research department but 
will devote full time to the problems of 
locating and employing technical man- 
power for the organic chemicals di- 
vision. Dr. Fellinger joined the organic 


| chemicals division in 1941 as a research 


chemist and 1944 was named pilot 
His appointment as 
the division's assistant director of re- 
search was announced in 1947. Dr. 

a 


Howard joined Monsanto in 1943 as 


| research chemist. 
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This Program Gives You 


To help you permanently control 
corrosion of process equipment, 
and reduce equipment mainte- 
nance costs, Haveg Corporation 
offers you this 2-point program: 


1. Personal cooperation in the 
engineering and installation of 
Haveg equipment 


2. Complete manufacturing facil- 
ities to mold Haveg equipment to 
fit your individual needs 


This means a permanent solution 
to your corrosion problems. 
That's because molded plastic 
Haveg is resistant throughout its 
entire mass to practically all acids, 
bases and salts; to chlorine and 
many other corrosives. Moreover, 
you have equipment virtually 
tailor-made for longer service 
life, improved production, Many 
standard shapes available from 
stock—including tanks, towers, 
piping, fittings, valves, etc. Write 
for new Haveg Engineering 
Bulletin F-6. 


CORPOR 


NEWARK 99,DE 
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HIGH PRESSURE 
PUMPS) 


UP TO 30,000 PSI 


30 YEARS’ EXPERIENCE 


@ HYDRAULIC PUMPS—Hand - oper- 
ated and motor driven up to 30,000 
psi. 

@ HYDRAULIC PRESSURE INTENSI- 
FIERS—Up to 100,000 psi. 


@ GAS COMPRESSORS—Up to 15,000 
psi. 


@ GAS BOOSTER PUMPS—Hand-oper- 
ated and motor driven; up to 15,000 
psi. 


@ HYDRAULIC PRESSURE GENERA- 
TORS—Up to 30,000 psi. 


@ GAS CIRCULATORS—Up to 6,000 
psi. 


Then Aupeynressure 


REACTION VESSELS 
FITTING & TUBING 
PILOT PLANTS 
INSTRUMENTS 
VALVES 


As pioneers—and still leaders~in the 
superpressure field, Aminco has an un- 
matched fund of experience which is at 
your disposal for the solution of your 
specific high-pressure problems. 


Write for Catalog 406-E 


AMERICAN INSTRUMENT CO. 
Silver Spring, Maryland 


PEOPLE 


(Continued from page 59) 


Ralph M. Hunter of The Dow Chem- 
ical Co. was elected president of 
the Electrochem- 
ical Society effec- 
tive April 12. The 
new president has 
been a member of 
the since 
1922 its 
vice-president tor 
the past three 
years. 
Dr. Hunter re- 
ceived the B.S. de- 
gree in chemical engineering from Case 
Institute of Technology in 1918 and an 
honorary degree of doctor of engineer- 
ing in 1950. He became associated with 
The Dow Chemical Co. in 1918 and now 
manages its electrochemical division, is 
director and president of the Midland 
Ammonia Co. and director of Dow 
Chemical of Canada, Ltd. 
At present he is on the board of direc- 
tors of the Chlorine Institute. 


society 


and was 


William C. McConnell has been ap- 
pointed operating engineer of the Gird 
ler Corp., Louisville, Ky. Prior to that 
he was chemical engineer with the 
National Carbide Corp., Louisville. Ky. 


Robert A. Louis has been named 
production engineer with Merck & Co., 
Rahway, N. J. He was formerly assis- 
tant research director, Smith-New York 
Co., Freeport, N. Y. 


Frank C. Fowler, formerly of the 
University of Oklahoma faculty, has 
been added to the 

staff of Midwest 

Research Institute, 

Kansas ¢ ity, as pe 

troleum consultant. 


vestigations im 


will conduct in- 
pe- 
and allied 
fields for the Insti- 
tute. This activity 
has been initiated 
result of nu- 
merous industrial requests for assistance 
in this field, 

attended the universities of 
Illinois and Michigan, and was awarded 


troleum 


as a 


Fowler 


the Ph.D. degree from the latter school 
in 1943. From 1943 to 1946, he 
senior process engineer in the chemical 
products department at Phillips Petrol- 
eum Co., Bartlesville, Okla. At the uni- 
versity since 1946, he administered both 
graduate and undergraduate 
and directed graduate research. 


was 


courses, 
He also 
conducted industrial research programs 
for the University Oklahoma Re- 
search Institute. 


ot 
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Julian B. Willis, is now serving the 
Sinclair Rubber, Inc., in Houston, Tex., 
as chemical engineer. He was previously 
process design engineer with the Sin- 
clair Refining Co., Harvey, Ill. 


Van A. Wente is now a chemical 
engineer with the Naval Research La- 
boratory, Washington 20, D. C. He was 
formerly 
Plastics Co., Pottstown, Pa., as chemical 
engineer. 


Raymond B. Thrower, formerly 
sales engineer with Griscom-Russell Co., 
Houston, Tex., is chemical 
neer with the Goodyear Tire & Rubber 
Co., Akron, Ohio. 


associated with Firestone 


now eng 


KEYES WITH N.A.M. IN 
ADVISORY CAPACITY 


Donald Babcock Keyes, special con- 
sultant to the Heyden Chemical Corp.. 
New York, has joined the staff of the 
National Association of Manufacturers 
in an advisory capacity to the associa- 
tion's Committee on Research. 

Dr. Keyes served as a vice-president 
of Heyden Chemical for the five years 
ending last December, when he 
made special consultant. 

From 1926 to 1945 he was professor 
of chemical and 
the chemical engineering division at the 
University of Illinois. However, from 
1941 to 1945 he absent on 
in Washington, D. C., with various wat 
agencies. 


Was 


engineering head of 


was leave 


G. G. BROWN, DEAN 
OF ENGINEERING 


George Granger Brown, the 
iaculty of the University of Michigan, 
Ann Arbor, Mich., since 1920, and more 
recently director, U. S. Atomic Energy 
of 
has been appointed dean of the College 


on 


Commission's division engineering, 
of Engineering, University of Michigan. 
The dean of engineering 
President of the American Institute of 
Chemical Engineers in 1944 and in 
1939 received its Walker Award. Cur- 
rently he is chairman of the A.I.Ch.E. 
Chemical Education and 
He served as 


in 1940-42. 


new Was 


Engineering 
Accrediting 
Director ot 


C onnnittee 


A.LCh.E 


Necrology 


A. R. FRANCK 


Albert R. Franck, chemical engineer 
of the Celanese Corporation of America, 
Cumberland, Md., died recently. Grad- 
uated the University of Pitts- 
burgh with a B.S. in chemical engi- 
neering, he was 40 years old. He served 
also the Canadian Celanese, Ltd., and 
for three years was with the U. S. Army 
ordnance department. 


from 
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SEND FOR PSC 


BUBBLE CAP BULLETIN 21 


Largest Compilation of Engineering Data. 
Lists 200 Styles Furnished Without Die Cost. 


This standard reference contains complete 
specification information for over 200 
standard styles of bubble caps and risers. 
Also drawings for use in determining 

thods of tray bly. All styles list- 


THE PRESSED STEEL CO., 708 N. Penna. Ave., Wilkes-Barre, Pa. 


ed in Bulletin 2! are furnished promptly, 
without die cost, and in any alloy to meet 
your coking or corrosion problems. Special 


PS 


caps gladly designed; 
write as to your needs. 


Custom Fabricators for the Process industries Since 1928. Send Your Blue Prints 


IS VACUUM 
THAT'S 99.99% PERFECT 
good enough for your process? 


Tus oe of vacuum is easily 


roll-Reynolds four or 


five-stage steam jet EVACTOR, with no 


moving parts. 


Each stage from a technical 


standpoint is as simple as the valve that 
turns it on. Numerous four-stage units are 
maintaining industrial vacuum down to 0.2 
mm. and less, and many thousands of one, 
two and three-stage units are maintaining 
vacuum for intermediate industrial require- 
ments on practically all types of processing 


| equipment. 


By permitting water, aqueous solutions or any volatile liquid to evaporate 


| under high vacuum and without heat from an outside source, enough BTU's can 


be removed to chill the liquid down to 32° F., or even lower in the case of solu- 


tions. This is the principle of the Croll-Reynolds “Chill-Vactor.” 


Hundreds of 


these have been installed throughout the United States and in several foreign coun- 


tries. 


_An engineering staff of many years experience has specialized on this type of 
equipment and is at your service. Why not write today, outlining your vacuum 


problem? 


17 JOHN STREET, NEW YORK 38, WN. Y. 


(aR CROLL-REYNOLDS CO., INC. 


REYNOLDS 
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Steam Jet Evactors 
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Protecting Fine Materials 
from Hopper to Storage... 


NO CONTAMINATION! NO SPILLAGE! NO ESCAPE! 
witH REDLER coNVEYORS AND ELEVATORS! 


Merck & Company. Inc., manufacturing chemists, required handling equipment 
to protect materials against contamination, to prevent loss by spillage and to 
guard against escape of materials into the atmosphere. S-A engineers designed 
and installed the simple, compact, space-saving REDLER Conveyor-elevator 
system pictured above, two-thirds of which is out-of-doors. It successfully 
meets every requirement — operates efficiently and economically, day-in and 
day-out! . . . If you have a material handling problem—if your equipment is 
less than demanded by today’s high production, you will do well to draw upon 
the 50 years of practical, specialized experience available to you through the 
S-A engineering and manufacturing service. Write today, without obligation 
for complete information. 


STEPHEN Damson 


Ridgeway Avenve, Aurora, Los Angeles, Calif. Belleville, Ontario 


MERCK & CO. Ine. (Stonewall Plant) 
ELKTON, VIRGINIA 


Two different raw materials are dumpea 
into double loading hoppers on the firm 
floor of the building. Two vertical, closed. 
cirentt REDLER elevators with short 10- 
foot long, horizontal feed sections of casing 
under each hopper pack up materials and 
elevate them about 56 feet thru the roof of 
the building to a point where materials are 
transerred to two horizontal REDLER 
conveyors. One of the horizontal conveyon 
is 36 feet long and the other is 45 feet long. 
The horizontal REDLERS extend over 
large storage bins and discharge materials 
thru gate controlled chutes to storage. 
t oper half of elevators and all of horizon- 
tal conveyors are out-of doors and weather. 
tight REDLER construction is a big ad- 
vantage in protecting materials, REDLERS 
include the following advantages: (1) dust- 
taught and weather-tight casings protect me- 
terials and prevent loss, (2) compact 
permits simple, space-saving 


DESIGNERS AND MANUFACTURERS OF ALL TYPES OF BULK MATERIALS HANDLING EQUIPMENT 
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DISCHARGE FROM CYLINDER ONE 


“Constametric™ pump discharge curves. Showing how two @ plungers deliver at a constant rate of flow. 
A—Plunger number one discharges into ifoid at maximum flow tinvation of tant flow. 
and constant rate. E—End of discharge stroke and start of suction stroke, plunger one. 
B—Plunger one at start of deceleration. F—Piunger two at completion of suction stroke and start of discharge 
C—Crossover point where discharge by piunger one equals dis- stroke. 
charge by plunger number two. G—Piunger two dischargi iteld at i flow and 
D—Combined discharge by plunger one and plunger two. Note the constant rate. 


The Controlled Volume Pump 
that Delivers in Straight Line Flow 


The Milton Roy “Constametric” is a positive displacement, controlled 
volume chemical pump having a constant flow delivery without pulsation. 
Two double-ball check liquid ends are employed. The plungers are driven 
by cams so designed that the speed of one plunger decelerates at the end 
of its stroke at a rate equivalent to that at which the second plunger ac- 
celerates. Since the two liquid ends have common input and output mani- 
folds, the combined delivery of the plungers is at a constant rate of flow 
at the cross-over point between plunger loadings, as well as during the 
balance of each plunger stroke. The pumping action is exactly the same 
as that of a single plunger, moving forward continuously at a fixed rate 
of speed. 


Capacities and Pressures Showing drive mechanism, cam track, 


cam follower, etc. Milton Roy “Consta- 


metric” Pump. Principles of design and 
“Constametric” pumps are furnished with plungers from to 1%” application fully po by 


dia., to pump from a minimum of 0.07 gallons (250 ml) per hour to a applications. 
maximum of 57 gallons per hour. Maximum pressures range to 5,000 psi, 
on the smallest plunger diameter. Automatic, stepless speed regulation 
over a range of 20 to 1 is obtained by means of the Thymotrol electronic 
system. Any metered variable, such as flow, tempera- 
ture, conductivity, pressure, etc., can be utilized to 
actuate the speed of the pump through this electronic 
control system, thus regulating the metered rate of 
discharge. 


For typical delivery curves, capacity-pressure table, ap- 
plications and engineering data, ask for Bulletin 649. 


1379 E MERMAID LANE, CHESTNUT HILL, PHILA. 18, PA. 
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A panel of three F&P Rotio-Con- 
trollers blending wood pulp 
slurry with one additional record- 
ing-controller. Also shown are 
lorge-capacity RATOSLEEVE flow 


meters and control valves 


@ WIDE RANGE OF APPLICATION 
A choice of F&P primary elements is available to handle a 
range of flows as low as 4-40 cc/min liquid for pilot plant 
blending or treating-reagent additions to any measurable 
high capacity flow in closed or open channels. 


@ WIDE RANGE OF MEASUREMENT 
The wide-range linear flow scales of F&P primary ele- 
ments permit outstanding rangeability of flows under 
all conditions—not merely at or near design ratio. 


@ WIDE RANGE OF SETTING 
Controlled flow can be in any desired ratio to “wild” 
or uncontrolled flow. Ratio selector scales are 
graduated from 15% to 600% (scale length is 
7”). Pneumatic-set ratio is available for applica- 
tions such as pH control. Vernier adjustment can 
be supplied for extreme precision of setting. 


@ COMPLETE RATIO-CONTROL 
SYSTEM 

Full responsibility for the proper coordina- 

tion and smooth performance of the various 

components of the system is vested jn 

Fischer & Porter, manufacturer of the ori- a 

mary elements (FLOWRATOR meters, FISCHER & PORTER COMPA 


V/A Cell Kinetic manometers, and 
others)—secondary elements (RATO- HATBORO, PENNSYLVANIA, U.S. 


MATIC control instruments) — and 
VALVRATOR control valves. 
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